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Cover Picture 

THIS picture illustrates Desert Plains Grassland, in poor range condi¬ 

tion, in the Big Bend National Park of Trans-Pecos Texas. This grass¬ 

land association is in reality a savannah of desert shrubs mixed 

through grassland. Rainfall varies from 8 to 22 inches per year, and 

annual evaporation varies from 60 to 80 inches. The dominant shrubs 

belong to the lily and Amaryllis families and include several yuccas, 

sotol, sacahuista and agaves. Chamiso, or four-wing saltbush, is an 

important shrub that has decreased under grazing. The common 

grasses are feathery bluestems, Arizona cottontop, bush muhly, plains 

lovegrass, plains bristlegrass, hairy grama, black grama, curlymes- 

quite and tobosa. Sideoats grama is important from Maverick County 

westward. Tarbush and creasote bush have invaded large areas and are 

the distinguishing kinds of vegetation in many localities.—U. S. De¬ 

partment of Agriculture, Soil Conservation Service photo, by B. W. 

Allred. 

See B. W. Allred and Homer C. Mitchell, “Major Plant Types of 

Arkansas, Louisiana, Oklahoma and Texas and Their Relation to 

Climate and Soils,” in this issue of the JOURNAL. 
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Major Plant Types of Arkansas, Louisiana, Oklahoma and 

Texas and Their Relation to Climate and Soils 

by B. W. ALLRED* and HOMER C. MITCHELL 

Soil Conservation Service, U. S. Department of Agriculture 

THE vegetation of Arkansas, Louisiana, Oklahoma and Texas is made 

up of two major plant formations, namely, grassland and forest. Grass 

land lies largely west of the 45-inch rainfall belt; forest lies east of this 

belt, where annual rainfall is higher. The differences in sizes of plants 

are explainable by the fact that trees require the most water, shrubs 

the next largest amounts, and grasses the least. Tall grasses require 

more water than mid grasses, and mid grasses need more water than 

short grasses. 

Many men have written about the vegetation of these four States 

since the first white explorers passed through. The main periodi¬ 

cals consulted by the writers are listed at the end of the paper. 

To a large extent the boundaries of the four grassland asso¬ 

ciations and forest formation follow those outlined by Weaver and 

Clements in their book entitled Plant Ecology. The system of classify¬ 

ing plant communities is patterned after the one used by F. E. Clements 

in the book Dynamics of Vegetation. 

Most of the detail on boundaries of various plant communities 

was developed by soil conservation district technicians and others 

in the Soil Conservation Service. The information on vegetation found 

in various plant communities came from work-unit guides on range 

sites and condition developed for soil conservation districts. 

CLIMATE INFLUENCES PLANT PATTERNS 

The grassland formation is subdivided into four major asso¬ 

ciations namely, True Prairie, Coastal Prairie, Mixed Prairie and 

Desert Plains Grassland. Each association is the product of its own 

peculiar climate, with True Prairie having the most favorable rain¬ 

fall, Coastal Prairie second, Mixed Prairie third, and Desert Plains 

Grassland the driest. Hence, tall grasses grow in the True Prairie, and 

the stature and yield of grass become gradually lower from True 

Prairie to Desert Plains Grassland. 

* Formerly Regional Range Conservationist and Regional Forester, SCS Region 4, 

Fort Worth, Texas. 

7 



8 THE TEXAS JOURNAL OF SCIENCE 

Climatic variations are less radical in the forest formation than 

in the grasslands, but even here they are evident. For example, 

forest production is considerably higher in the 60-inch annual rainfall 

belt than in the 45- to 50-inch rainfall belt. 

SOIL AND OTHER LOCAL FACTORS INFLUENCE PLANT PATTERNS 

While climate is the major determiner of the kind of vegeta¬ 

tion that dominates a broad region, other factors may either improve 

or decrease the productivity of a site and, hence, modify the kind of 

vegetation produced. Major changes in elevation, and soil variations 

due to differences in the parent material, maturity, percentage of min¬ 

erals and salts, and slope, often have great influence in modifying plant 

patterns within general climatic belts. Where these variations are 

great enough to make significant differences in amount of available soil 

moisture, there will be changes in the kind of vegetation produced. 

Soil and vegetation are not independent variables as each has 

reciprocating influences on the other. For example, soil is made 

from the mother rocks by the action of water, temperature and vege¬ 

tation. Vegetation is a key agent in soil making, but the kind that grows 

is influenced by the maturity of the soil. For example, mosses, lichens, 

and other plant pioneers are the first to inhabit rocks and other raw 

soil material. Mature soil, however, supports a climax plant com¬ 

munity which is highest for the soil and climate. 

Local soil conditions in large numbers of areas have profoundly 

modified the vegetation from what is normal for the climate. Two 

examples are presented as follows: 

1. Communities of bottomland hardwoods along streams that drain grass¬ 

lands. High water tables or occasional flooding provide added moisture 

and hence the soils of such river bottoms grow trees instead of grasses. 

2. Sandy, gravelly and rocky areas that are free of hard pan, claypan or 

horizontal bed-rock also improve local soil-moisture conditions in the 

grassland formation. Rainfall intake is high on these soils, which also 

yield up moisture to plants more readily and more completely than do 

heavier soils. Local plant patterns modified by soil conditions are also 

found in the Oklahoma and Texas Cross Timbers, Texas Hill country, 

Lampasas Cut-Plain, Granite basin, East Texas Post Oak belt and 

eastern Edwards Plateau. In these areas, soil-moisture conditions have 

been improved sufficiently over the climatic normal so that trees or 

shrubs, particularly oaks, form savannah with the understory composed 

of grassland dominants of the True Prairie. 

Examples where soil conditions cause less favorable plant-soil- 

moisture relationships also are found and in such instances the 

plant yield is below that normal for the climate. 
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1. The Tall Grass Prairie, between the Colorado River in Texas and the 

Mississippi River in Louisiana is an illustration of such a situation. 

This area lies within the forest climatic belt (see map). 

Here the Lake Charles and Crowley silt loam soils have poor soil- 

plant-water relationships, particularly during the critical growing 

period for forest growth. The subsoils are composed of a dense claypan¬ 

like layer, difficult for the tree roots to penetrate. Commercial tree 

plantings have not been successful and most of this former grassland is 

now in rice. 

Occurrence of prairies in forest and savannahs in the forest belts in 

Arkansas, Louisiana, Oklahoma and Texas are explainable much in the 

same way as described in the Tall Grass Prairie. Presence of claypans 

or claypan-like subsoils create a subnormal habitat for trees, but such 

areas are excellent sites for the bluestems, Indiangrass, switchgrass and 

eastern gama. 

2. A similar example of where soils have modified the vegetation in the 

forest formation is found in those parts of eastern Oklahoma and the 

Ozark Mountain section of Arkansas where savannahs are intermingled 

with forest. Deep permeable soils, with good water-holding capacity, 

produce true forest. But large areas with claypan-like subsoils, shallow 

rocky soils, or rapidly permeable deep soils have moisture resources 

that are subnormal for the true forest development. Hence, they for¬ 

merly were covered with tall grasses and the hardwoods were scattered 

and of low grade. Such savannahs are good grazing land but are sub¬ 

marginal for forest. Wherever the tall grasses have been taken out by 

fire and grazing, scrubby hardwoods have filled in. Some landowners 

are killing the scrub trees on the filled-in savannahs and converting 

them to highly productive native grasslands. 

I. DESERT PLAINS GRASSLAND ASSOCIATION 

This association is in reality a savannah of desert shrubs 

mixed through grassland. Rainfall varies from 8 to 22 inches per year, 

and annual evaporation varies from 60 to 80 inches. The dominant 

shrubs belong to the lily and Amaryllis families and include several 

yuccas, sotol, sacahuista and agaves. Chamiso, or four-wing saltbush, 

is an important shrub that has decreased under grazing. The common 

grasses are feathery bluestems, Arizona cottontop, bush muhly, plains 

lovegrass, plains bristlegrass, hairy grama, black grama, curlymes- 

quite and tobosa. Sideoats grama is important from Maverick County, 

Texas, westward, but is missing from Webb County to Hidalgo Coun¬ 

ty. Tarbush and creosote bush have invaded large areas and are the 

distinguishing kinds of vegetation in many localities. 

A. Rocky Mountain Foothills 

This is an area of scattered igneous rock and limestone mountain 

tops. The Davis Mountains mass is the largest mountainous area and 
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Fig. I. Desert Plains Grassland in poor range condition. Big Bend National Park, Texas. 

(Tex. 45,340) 

9,000-foot Guadalupe peak is the highest. The highest peaks grow 

western yellow pine, pinyon pine, weeping juniper, alligator juniper, 

oneseed juniper, redberry junjper, Arizona cypress, Emory oak and 

gray oak. The important grasses are cane bluestem, little bluestem, 

Texas bluestem, sideoats grama, green sprangletop, Arizona cotton- 

top, bush muhly. New Mexico feathergrass, balsamscale, several large 

muhlys, tanglehead, black grama, hairy grama and blue grama. 

II. MIXED PRAIRIE ASSOCIATION 

This great semiarid grassland is dominated by a mixture of 

mid and short grasses. Of the mid grasses, sideoats grama, silver blue¬ 

stem, sand dropseed and purple threeawn are found throughout the 

Mixed Prairie, western wheatgrass and needle-and-thread grow in 

the northern half, and Texas wintergrass is an important cool-season 

grass in the southeastern part. Buffalograss, blue grama and hairy 

grama are common short grasses. Curlymesquite is an important 

short grass in the southern part. 

A. High Plains Bluestem 

Widely scattered over the Mixed Prairie are deep sandy areas and 

canyon breaks which provide a better-than-average habitat for grass. 
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Fig. 2. Mixed Prairie-Sou+hern Great Plains in good range condition. The grasses are 

largely blue grama and buffalograss. (NM-2527) 

Here grow the taller grasses which are found in the True Prairie im¬ 

mediately to the east. The important ones are little bluestem, sand 

bluestem, Indiangrass, switchgrass, sand lovegrass, and sideoats gra¬ 

ma. Havard’s shinnery oak and sand sagebrush occur sparingly in 

part of this type. At present, oak and sagebrush have become domi¬ 

nant and grass is scarce. 

B. Shinnery Oak Savannah 

Fractured limestone beds in parts of the Edwards Plateau provide 

better-than-usual sites for the dominant grasses of the Mixed Prairie, 

plus some species of low-growing oak known locally as shinnery. 

Little bluestem, pinhole bluestem and green sprangletop also add vari¬ 

ation to this part of the Mixed Prairie. 

C. Post Oak Savannah 

The bulk of this type lies within the True Prairie grassland asso¬ 

ciation and will be described there. 

D. Rocky Mountain Foothills 

A small area of this type is found on Black Mesa in northwestern 

Oklahoma. Black Mesa is the eastern extension of Mesa de Mayo, an 
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igneous-rock highland originating near Raton, New Mexico. The vege¬ 

tation is generally similar to the Rocky Mountain Foothills in south¬ 

west Texas, already described. Two important cool-season grasses, 

western wheatgrass and Nevada bluegrass, are added. Galleta is a 

warm-season grass which is found here but not in the Desert Plains 

grassland in Texas. 

III. TRUE PRAIRIE ASSOCIATION 

The True Prairie association lies between the 25- and 45- 

inch annual rainfall belts in Oklahoma and Texas. The key grasses 

are little bluestem, big bluestem, Indiangrass, switchgrass, and side- 

Fig. 3. True Prairie range in excellent condition near Nowata, Oklahoma. Little blue¬ 

stem, big bluestem and Indiangrass are the most prevalent. (Okla. 9777) 

oas grama. The latter is more prevalent in the western half. 

A number of savannahs are superimposed upon this broad area, 

but the grasses that identify the True Prairie are important in the 

savannahs, too. The prairies growing on the blacklands of Refugio, 

Calhoun, Victoria, Jackson, Matagorda and Wharton counties, Texas, 

more nearly resemble True Prairie than Coastal Prairie. 

A. Post Oak Savannah 

Post oak savannah includes the Oklahoma and Texas Cross Tim¬ 

bers and east Texas Post Oak belt. The dominant grasses of the True 
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Prairie are the important ones. Purpletop, an additional grass, is 

found throughout, while beaked panicum is an identifying species in 

the easternmost savannahs. Post oak and blackjack oak are the impor¬ 

tant trees which identify this distinct and obvious plant community. 

B. Hill Country Savannah 

This type lies mostly within the Texas Hill Country and Lampasas 

Cut-plain. Trees of this savannah are largely live oak, Spanish oak, 

with numerous inclusions of several species of shinnery oak. True 

Prairie grasses dominate, and hairy grama becomes a minor con¬ 

stituent. 

C. Live Oak-Post Oak Savannah 

This type is found in the granite basin located mostly in Mason and 

Llano counties, Texas. Tree cover is mostly post oak, blackjack oak 

and live oak. The grasses are typical True Prairie dominants, plus 

purpletop and sand lovegrass. 

D. Bottomland Hardwoods 

Bottomland Hardwoods are similar to those described under Coast¬ 

al Prairie (IV), 

E. Pine-Hardwoods 

Two islands of shortleaf pine mixed with hardwoods are located in 

Bastrop and Fayette county, Texas. This is a marginal forest site, 

being about a 60-foot pine site. 

IV. COASTAL PRAIRIE ASSOCIATION 

This plant association is located in southern Texas and 

northeastern Mexico, where rainfall is 18 to 26 inches annually. Origi¬ 

nally it was grassland composed of northern and subtropical domi¬ 

nants. It is now known as the brush country, because of the dense 

stand of subtropical shrubs that have invaded from Mexico. 

The important grasses are feathery bluestems, seacoast bluestem, 

tangiehead, Arizona cottontop, plains lovegrass, plains bristlegrass 

(both tall and short forms), trichloris, lovegrass tridens, purple three- 

awn, hairy grama, slender grama, buffalograss and curlymesquite. 

Sideoats grama and Texas wintergrass are important along the north¬ 

ern and eastern boundaries. Indiangrass, gulf dune paspalum, and 

switchgrass are important plants in sandy soils. 

The leguminous shrub guajillo, plus chamiso, yuccas and agaves, 

form savannah with grassland over a large port of this association. 



14 THE TEXAS JOURNAL OF SCIENCE 

Fig. 4. Coastal Prairie range in excellent condition near Crystal City, Texas. Tanglehead 

and cane bluestem are the dominant grasses. (Tex. 44-993) 

A. Post Oak Savannah 

The southern extension of the post oak savannah found in the True 

Prairie cuts into the northeastern Coastal Prairie, where it changes 

somewhat in its characteristics. Considerable live oak mixes with post 

oak and blackjack, and many of the grassy dominants of the Coastal 

Prairie are replaced by those typical of the True Prairie. 

B. Bottomland Hardwoods 

Hardwood trees are crowded densely over the well watered bottom¬ 

lands. Species of oak, ash, elm, hickory, willow and sycamore are 

some of the most important. Dense tree growth with an understory 

of shrubs prevents grass from growing well, so little or no grazing is 

available. Wildrye and rescuegrass produce some growth in winter 

after tree leaves have fallen. 

C. Gulf Coast Marshlands 

The marshlands are restricted to narrow belts along the Gulf of 

Mexico and a few inland bays. The important grass species of the salt 

marsh are big cordgrass, marshhay cordgrass, gulf cordgrass, smooth 

cordgrass, common reed, seashore saltgrass, switchgrass, Olney bul- 
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rash, longtom, seashore dropseed and knotroot bristlegrass, Sacaton 

apparently was once important in the higher salt marsh adjacent to 

the Coastal Prairie, but not east of there. Bushysea oxeye, a dwarf 

shrub, also is important, and increases under grazing. In freshwater 

marsh, southern wildrice and paille finne are twO' of the most impor¬ 

tant grasses but are not found south and west of Beaumont, Texas. 

V. EASTERN FOREST BELT 

The eastern forest formation lies generally east of the 45- 

inch rainfall belt. Because of higher rainfall, commercial forests oc¬ 

cur except in savannahs and prairies where poorer soil-plant-moisture 

conditions prevail. The important plant communities lying within the 

forest formation are as follows: 

A. Mixed Hardwood Forest and Savannah 

This community includes intermingled upland hardwood forest, 

hardwood savannah, and cedar glades. Frequently these types occur 

in areas too small to map separately. Of the total area now in woody 

growth, about 55 percent is in upland hardwood forest, 40 percent in 

hardwood savannah, and 5 percent in cedar glades. 

The upland hardwood forest sites are those with soils having ade¬ 

quate moisture-storage capacity to produce hardwood trees of sawlog 

size and quality in normal stands. The identifying species, when 

present, are white oak, northern red oak, southern red oak. There is 

a high percentage of other red oaks, black oak, various hickories, and 

gums which are not limited to the forest type. 

The savannah sites are those which have a woody aspect, but where 

the soil lacks the moisture-holding capacity to produce trees of saw- 

log size and quality in normal stands. Many stands have good density 

because of long continued burning and overgrazing, but the stems 

are small and highly defective. Generally, however, the trees are 

widely spaced, short bodied, full crowned, with an understory of na¬ 

tive grasses and other herbaceous vegetation. The identifying species 

are blackjack oak, post oak, winged elm, cedar elm, black oak, hack- 

berry and hickory. The first three usually predominate. Only occa¬ 

sional trees, principally post oak, produce sawlog sizes of commercial 

quality, and these usually have less than one log of usable length. 

Such trees are so scattered as to discourage logging. 

The cedar glades occur on areas where the soil moisture capacity is 

extremely low and cedar has thickened on the overused grasslands. 

B. Prairies in Forests and Savannahs 

Livestock of pioneers in the forest formation found excellent graz- 
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ing on these original scattered prairies. These prairie soils are too 

droughty for forests, but big and little bluestem, switchgrass, Indian- 

grass and eastern gama, plus numerous nutritious forbs, grow abun¬ 

dantly. Most of the former prairies have been plowed and are now 

farmed. A few still are found in various degrees of perfection. Few, 

however, are in excellent condition. 

C. Pine-Hardwoods 

The pine-hardwood community is the common one of the Coastal 

Plains and the Ouachita Mountains. Soil moisture is adequate for 

Fig. 5. Pine-hardwood forest typical of kind found in Arkansas, Louisiana, Oklahoma 

and Texas. Low grade hardwood species have been girdled in order to kill them, so that 

better timber trees can thrive. (Ark. 61-768) 

commercial forestry, producing trees of sawlog size and quality in a 

reasonable time. Shortleaf and loblolly pines are the principal com¬ 

mercial species, because of both their rate of growth and value. Com¬ 

mercial hardwoods commonly associated with the pines are gum, 

white oak and southern red oak. Other common associates are black¬ 

jack oak, post oak, hickories, and blue jack oak, which sometimes are 

dominant where the commercial species have been eliminated or 

seriously reduced by unwise cutting. 
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Z). Bottomland Hardwoods 

The remaining bottomland hardwoods are on those portions of the 

flood plains too low in elevation or too small in area for economical 

protection against flooding by levees, or poorly drained for cultiva¬ 

tion or use for tame pasture. 

Composition of the several bottomland hardwood types varies with 

the degree of wetness, which also reflects soil texture. The lighter 

soils occur on the ridges or better drained areas and produce the most 

valuable timber. The trees consist largely of sweet gum, red oaks, 

swamp white oak and white oak, elms, pecan and water oaks, to¬ 

gether with the representation of many species of lesser importance. 

The low-lying clay flats are less productive of commercial timber. 

The species are largely honey locust, bitter pecan, overcup oak, water 

oak, and hackberry, which is usually defective, along with some cedar 

elm, green ash, American elm, persimmon and willow. 

Alluvium of recent origin along major streams may be occupied 

by pure stands of cottonwood or willow. Cypress and tupelo are com¬ 

mon on the margins of bayous and lakes. 

E. Tall Grass Prairie 

This area has been converted largely to rice production. The heavy, 

nearly impervious soils that are too droughty to produce forests once 

supported a vigorous stand of tall grass, including big and little blue- 

stem, pinehill bluestem, switchgrass, Indiangrass, eastern gama and 

a host of associated forbs. The heavy subsoil that thwarted tree roots 

provides a solid bottom to hold the water used in rice irrigation. 

F. Shortleaf Pine Type 

Shortleaf pine occurs in pure stands in the Ouachita, Boston and 

Ozark Mountain areas on vertically bedded shale and sandstone soils 

having good moisture-holding capacity. Shortleaf pine is almost the 

only tree of commercial importance on such soils. Associated hard¬ 

woods are mainly southern red oak, black oak, blackjack oak, post oak 

and hickory. 

G. Upland Hardwood Type 

The Upland Hardwood type, except as intermingled with prairies 

and savannahs in the mountain areas, occurs on the narrow, loessial 

ridges paralleling the Mississippi River. The principal trees of com¬ 

mercial value are white oak, various red oaks, tulip poplar, white ash, 

persimmon and walnut. Associated are the usual low-value scrub 

oaks, beech and hickories. Occasional specimens of sassafras, cotton- 
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wood, American Elm, red elm and others reach large sizes and are of 

excellent quality. 

H. Longleaf Pine Type 

Longleaf pine type is a singular community that deserves special 

recognition. The principal longleaf pine areas are recognizable today 

by one or more of the following: (1) Presence of longleaf pine forest; 

(2) Presence of occasional specimens of longleaf pine in generally 

underdeveloped cutover land; (3) Extensive treeless areas (except 

stream borders and “bay galls”) or areas occupied by the scrub oaks 

and hickories; (4) Specimen longleaf pine in young stands of loblolly, 

shortleaf or slash pine. 

The land is, with very minor exceptions, characterized by shallow, 

poorly drained soils or deep coarse sands. In either case, they are 

“droughty” and poorly adapted to cropland agriculture. These soils 

are primarily suited for forest production. 

/. Cypress-Tupelo Swamp 

Cypress-Tupelo swamp is found in parts of the lower Mississippi 

River Delta, which lies under water of fluctuating levels except dur¬ 

ing rare periods of prolonged drought. Cypress and tupelo gum ap¬ 

pear to be the only tree species able to tolerate such prolonged flood¬ 

ing. Hence, they occur in pure stands of either species or mixtures 

of the two. Included in such areas are hummocks and narrow ridges, 

subject to only annual flooding, which may be occupied by the water 

oaks, pecan, willow and other hardwood species characteristic of the 

wetter portions of normal bottomland. 

/. Gulf Coast Marshlands 

See discussion of Gulf Coast Marshlands under Coastal Prairie 

(IV). 
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Problems in Relocating the People of Zapata, Texas 

WILFRID C. BAILEY 

The University of Texas 

MAN in his quest for water, flood control, and electric power has or is 

in the process of building dams on most of the major rivers of the 

nation. No one doubts the economic benefits of these dams. They have 

provided a better and safer way of life for millions of people. However, 

what about the people who lived in the river valleys that are now 

covered by the waters backed up behind the dams? Where are they? 

What has happened to their way of life? The construction of the Fal¬ 

con Dam on the Rio Grande some 75 miles below the two Laredos 

has provided an important case study. 

The Department of Anthropology of The University of Texas began 

a study of the Falcon Reservoir area in the summer of 1950. The initial 

work consisted of archaeological salvage and the study of historical 

buildings. This was carried out under a series of grants from the 

Smithsonian Institution and the National Park Service under the di¬ 

rection of Alex D. Krieger, In August, 1953, the author began an in¬ 

vestigation of the effects of building the dam on the modern population. 

This project has been aided by a grant from the Hogg Foundation for 

Mental Hygiene, The University of Texas. This report includes ma¬ 

terial gathered up to September 15, 1954. 

HISTORICAL BACKGROUND 

The first white man to pass through the Falcon Reservoir 

area (see Fig. 1) may have been Cabeza de Vaca, who made his way 

from the Texas coast to western Mexico in 1535. The first Spanish 

ranches along the Rio Grande were established during the first half of 

the Eighteenth Century. Permanent villages in northeastern Mexico 

and along the river were settled through the colonization efforts of 

Jose de Escandon, who was governor of Nueva Santander in the mid¬ 

dle of the same century. Revilla (now Guerrero, Tamaulipas) was 

founded by a group of Escandon colonists on October 10, 1750, on the 

Salado River a short distance from its junction with the Rio Grande, 

at a point near Zapata. In 1767 ranchers along the river petitioned the I 
King of Spain for titles to the land they were using. Each rancher was 

given a porcion^ a strip about a mile wide fronting on the river and | 

20 
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extending inland about eleven miles. The porclones are still the basis 

of land ownership. The habitaciones, ranch headquarters, were on the 

river. Some of these habitaciones eventually grew into villages, while 

others remained isolated ranches up to the present day. Thus the basis 

for the modern distribution of population was established. 

Subsequent history of the area has shown that there has been a 

distinct unity of the lower Rio Grande Valley area on both sides of 

the river. This was most dramatically demonstrated by the attempt 

in 1839 to establish the Republic of the Rio Grande. Although political 

independence was never achieved, much of the region has continued 

up to the present day as a relatively isolated culture area. Until the last 

few years the cultural and business center for the people of Zapata 

County was the old town of Guerrero. People went there to shop, to 

attend school, and many were born there because it was the home of 

the only doctor. In the last few years the flow of interaction has been 

in the opposite direction, from Guerrero toward Zapata. People from 

Guerrero either shopped in Zapata or passed through Zapata on their 

way to Laredo. Every year several children from Guerrero would stay 

with relatives in Zapata in order to go to school there. 

Zapata County has been relatively isolated from the rest of Texas. 

The railroad between Corpus Christi and Laredo skirted the county. 

It was not until 1940 that a modern paved road, U. S. Highway 83, 

traversed the county. This road follows the river from Laredo to 

Brownsville and, therefore, links Zapata with other communities along 

the river, rather than to the center of the State. The only other im¬ 

proved road in the county is State Farm Road 496 running northeast 

from Zapata to Hebbronville. Although the shortest route to San An¬ 

tonio, its fifty curves in fifty miles have tended to keep the traffic on the 

traditional river road. 

The discovery of small gas and oil fields in 1916, and their develop¬ 

ment since 1930, has had only a minor impact on life in Zapata. 

The workers in the gas fields live in scattered homes close to the Jim 

Hogg County line. They seem to have their connections with Heb¬ 

bronville, on the railroad, rather than with Zapata. Present attempts 

to exploit oil and gas may change the picture. 

Zapata and nearby communities have been centered on the river 

with ranch land extending back onto higher ground. The principal 

economic activities are based on farming, both dry and irrigated, and 

ranching. Irrigated land devoted to fresh vegetables for shipment to 

market has been increased greatly in the last two decades. Spanish 

is the everyday language of the people. The population is about 90% 

Latin-American and 10% Anglo-American. 
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Recent events have done much to disrupt the isoiation of the area. 

The most important single event came in 1944 as the result of a treaty 

between Mexico and the United States which contained a commitment 

to build three multi-purpose dams on the Rio Grande. 
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On September 7, 1949, plans were adopted by the United States 

and Mexican Sections of the International Boundary and Water Com¬ 

mission for the construction of Falcon Dam. Actual construction 

began in June, 1951, and the dam was dedicated by the presidents of 

the two co-operating nations on October 19, 1953. This dam creates a 

lake forty miles long and covering 55,000 acres of land in the United 

States and 59,000 acres in Mexico. 

Preliminary surveys of the area to be flooded showed that approxi¬ 

mately 5,000 of the 8,000 acres of land under irrigation would be 

inundated. The villages of Falcon, Lopeho, Urebeho, Ramierreho, 

and San Ignacio, the town of Zapata, and numerous ranch headquar¬ 

ters were within the projected reservoir. Later adjustments of the res¬ 

ervoir boundary removed San Ignacio from the list, but there is a pos¬ 

sibility that it too may be subject to flooding. Fear of this caused its 

evacuation during the flood of July, 1954. This left only the small in¬ 

land settlements of Escobas and Bustamante unaffected. In other 

words, the homes of over 3,000 of the 4,300 inhabitants of the county 

were threatened. 

Initially, plans were to follow the usual policy of buying lands 

and homes and allowing the owners to scatter. Because this would 

include the county seat, Zapata, and about three-fourths of the popu¬ 

lation, a death blow would have been dealt Zapata County. It would 

have been necessary to abolish the county and to divide its lands 

among the neighboring counties of Starr, Jim Hogg, and Webb. 

A strong movement asking that the communities be relocated de¬ 

veloped. In answer to this demand, Lloyd M. Bentson, Jr., from the 

15th Congressional District, Texas, introduced into the House of 

Representatives in January, 1951, a bill to authorize the relocation 

of the town of Zapata and its public facilities, and the development of 

new agricultural land. The bill never got out of committee because 

President Truman wrote a letter, May 16, 1951, stating his opinion 

that the existing laws gave the International Boundary and Water 

Commission authority “to furnish all necessary assistance to the resi¬ 

dents of the area.” The Commission has proceeded in its relocation 

program on the authorization contained in this letter. However, the 

basic plan looked to by both the government and the residents of Za¬ 

pata County has been the Bentson Bill. There has been considerable 

disagreement between the people and the Boundary Commission over 

the interpretation of the proposals contained in the bill. Since it was 

not enacted into law, there is neither binding force nor means of ap¬ 

peal for official legal opinion. 
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The location of the new town became the subject of controversy. 

First, not all of the people favored building a single town site for the 

entire county. A poll showed that the younger people wanted to move 

into neighborhood areas within the new town, while the older genera¬ 

tion wanted to move each village into a new and distinct site. The 

Boundary Commission vetoed this suggestion and developed a single 

townsite. On September 29, 1951, residents of the reservoir area ap¬ 

proved by 436 to 0 vote the location of a new Zapata four miles from 

the old town. By the end of the year 80% of the owners indicated their 

willingness to move to the new town. 

The unanimity of opinion thus expressed would seem to forecast 

a smooth, uneventful relocation of the people. Construction of the 

dam proceeded according to schedule. By the end of August, 1953, 

the dam, except for the spillway gates and the powerhouse installa¬ 

tions, had been completed. The people of Lopeho and Falcon had been 

given an evacuation date of June 1, 1953, and for Zapata the date was 

November 1, 1953. By August, 1953, very few people had moved. The 

new townsite for Zapata was only partially ready. The Central Power 

and Light Company had put up necessary power lines. The govern¬ 

ment’s share of development of the town had proceeded slowly. Streets 

had been graded, water mains laid, the sewage pipes installed, and the 

cemetery relocated. On the other hand, the sewage treatment plant 

was not ready for operation, construction had just begun on the water 

filtration plant, and contracts had not been let for the court house and 

the schools. 

In June, 1953, the Rio Grande had gone dry in many places for 

the first time on official record. On August 24, 1953, heavy rains fell 

over a large area of South Texas and northern Mexico. Flood crests 

rolled down the Rio Grande and the Salado. Within forty-eight hours 

Lake Falcon became a reality. It was 50 feet deep at the dam and had 

backed up about 25 miles. The villages of Lopeho, 50 to 60 families, 

was completely under water (Fig. 2) and Falcon, 30 to 40 families, 

was disappearing beneath the rapidly rising lake. In two weeks 72 

families from Lopeho, Falcon, and scattered ranches were living in 

tents furnished by the Red Cross; and the lake which had risen to a 

depth of over 90 feet, was threatening the town of Zapata. Near panic 

developed. People in Zapata began a frantic exodus to the new town 

site. 

BASIC PROBLEMS 

Why didn’t the Boundary Commission move the people 

with the same dispatch exhibited in the construction of the dam? The 
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Fig. 2. Lopeno in August, 1953. (J. T. Morrow photo) 

solution of two basic problems slowed down the movement of the peo¬ 

ple. The first centered around town planning. In spite of the unan¬ 

imous vote accepting the new town site, many of the people were not 

satisfied. It became impossible to plan a model town designed accord¬ 

ing to modem ideas of city planning. For example, long blocks would 

reduce the number of cross streets and accompanying hazards. How¬ 

ever, people with comer lots in the old town demanded comer lots 

in the new town. In old Zapata property was valued and located ac¬ 

cording to its distance from the court house and relationship to the 

highways. In addition, owners of stores wanted the surrounding neigh¬ 

borhoods moved intact so that they could retain their old customers 

(Fig. 3). This obstacle was overcome by drawing concentric circles 

around the court house and dividing the town into segments like a pie. 

Lots were assigned in corresponding segments in the new town. 

The new town is almost a mirror image of the old town. The major 

difference is the addition of large tracts of parkland which spreads 

the town over a much larger area. Some people have objected to this 

scattered condition. All attempts to agree on some kind of zoning 
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failed, and there is no control over type of construction. This has 

hampered attempts to obtain government-supported housing loans. 

Fig 3. Typical commercial building and house in old Zapata. 

The government agreed to replace and even expand the public 

facilities. The privately-owned water system was replaced by a town- 

owned system. A modern sewage disposal system was built. This 

was missing in the old town. The court house was replaced by a $150,- 

000 building. The school buildings are being replaced by both an ele¬ 

mentary school and a high school. 

The planning of the new facilities is still a center of controversy. 

The Zapata County schools were grossly inadequate and substandard. 

The new schools were to be equal to those found in communities of the 

same size elsewhere in the state. The Texas State Education Agency 

assisted in designing and recommending improvements, but has no 

binding force other than refusal to accredit the system. Because of the 

condition of the old schools, the government has not been willing to 

build what the people demanded. Construction of the new elementary 

school was delayed until after the deadline for evacuation of Zapata. 

A $272,000 elementary school was completed in time for the 1954— 
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1955 school year. It stands empty while the children attend classes in 

old barracks moved from the Laredo Air Force Base to old Zapata and 

then to new Zapata. The county school board has refused to accept the 

new building because it is unfurnished. The disagreement is over the 

definition of “adequate facilities.” The government has taken the view 

that this was limited to the physical structure, while the county has 

interpreted it as including equipment necessary to operate the build¬ 

ings. As a result, the new school and the court house stand empty. 

Construction on the high school has not yet begun. 

The second major problem concerned the acquisition of the land 

within the proposed reservoir. The difficulties arising here have been 

even more critical than those associated with public facilities. In order 

to build the dam and to obtain land for the lake, it was necessary for 

the Federal Government to buy over 100,000 acres of land, includ¬ 

ing improvements. The Constitution of the United States requires that 

the owners be paid “just compensation.” Federal courts have defined 

a “fair market value” as the “price a willing buyer would pay a will¬ 

ing seller.” The courts have also said that the landowner should be in 

the “same pecuniary position before and after taking.” Although 

these two statements are thought to mean the same thing, they have 

different emphases. The Department of Justice, which has handled 

the condemnation cases for the Army and for the International Boun¬ 

dary and Water Commission, has worked on the willing buyer-will¬ 

ing seller concept. The Tennessee Valley Authority adopted an ap¬ 

praisal policy that took into consideration actual costs or losses sus¬ 

tained by the owners in the process of getting re-established (Krist- 

janson, 1953: 7). 

Since very little Zapata County land had been exchanged on the 

open market, there were no established market values. It was neces¬ 

sary to use appraisers to set up fictional market values, the assumed 

market prices if the land was being sold by a willing seller to a will¬ 

ing buyer. The greatest complaint that the people have made is over 

the appraised value in relationship to the cost of replacement at a 

new location. An independent contractor told the author that the valu¬ 

ations on the houses were on the average probably not more than 

10 percent low. The difficulty came because there were very few 

modern houses. A tremendous gap existed between the fair value on 

a house without modern conveniences and the cost of a modem home 

of the same size. The price differential was aggravated when some of 

the contractors overcharged. 

Agricultural land was priced well below replacement cost. The 
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average prices reported were $10.00 to $12.00 for range land, $35.00 

for cleared dry farm land, and $75.00 for irrigated land. It cost from 

$40.00 to $50.00 per acre to clear farm land. One man reported that 

he had turned down an offer of $400.00 for irrigated land later con¬ 

demned at $75.00. The author examined one case in which a man was 

offered $73.00 for a piece of land, including mineral rights. Later, 

after readjustment of the reservoir boundary left the land in the 

owner’s hands, he sold the mineral rights alone for $4,000.00. 

The people lost respect for the system of appraisal. Antagonism 

developed when references were made to adobe construction. Actu¬ 

ally, almost no adobe was used. Stone was the most common material. 

Then again, the Catholic Church (building) was referred to as ob¬ 

solete. 

Because of these difficulties the settlement of land cases has been 

very slow. Final payment for the land has been delayed by additional 

complications. The land titles are based on the original Spanish por- 

ciones. Much of the transfer of land has been informally within the 

family. Titles are difficult to clear. The burden of proof of title was 

left to the owner, who, in many cases, had little understanding of the 

legal technicalities involved in clearing titles and making claims for 

payment. 

As a result most of the owners had not been paid for their property 

by the deadline for evacuation. As of September, 1954, a great many 

were still waiting payment. The major demand of the owners is for 

a re-evaluation that will give replacement cost. In September, 1954, 

President Eisenhower instructed Col. Leland H. Hewitt, Commis¬ 

sioner of the United States section of the International Boundary and 

Water Commission, to review the claims of the Zapata landowners. 

FACTORS RETARDING THE SOLUTION OF THE PROBLEMS 

A number of factors have contributed to the slowness and 

difficulties in achieving satisfactory solutions to these major problems. 

Factionalism has made it almost impossible to develop a unified front. 

The county is in the midst of a bitter political struggle. Locally it is 

referred to as the fight to unseat the Old Party. The challenge is be¬ 

ing made by a loosely organized group known at various times as the 

Chamber of Commerce Party, the Veterans Party, the New Party, 

and in the November, 1954, election the slate of officers ran under 

the Bepublican Party label. When the Boundary Commission held 

public meetings, they sometimes found the Old Party supporters gath¬ 

ered in one place and the New Party in another. 
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Lack of a dynamic leadership increased the difficulties in planning. 

The present day leadership pattern in Zapata County is the survival 

of the old patron-peon system. The qualities of leadership were few 

in number but distinctive. The patron was usually the oldest male 

member of the most important family and had the ability to express 

himself fluently. The patron had a following bound to him on a per- 

sonalistic basis, and he dispensed council, advice, and provided as¬ 

sistance. As a leader, he seldom organized committees or initiated 

new programs. His influence was more in terms of directing commu¬ 

nity sanction or disapproval of what already existed (Leonard and 

Loomis, 1941: 59). This type of leadership functions best in a static 

situation and does not provide the planning and organization needed 

to meet a changing situation. 

The effectiveness of the existing leadership has been weakened by 

changes taking place within the leadership pattern itself. The old 

patron is almost a thing of the past. Only two or three men in the 

county are still referred to by the title of Don. The landed patron 

has been replaced by the political patron. A part of the present fac¬ 

tionalism in Zapata politics is a revolt of younger men against the 

paternalistic control of the old system. Further, the person in a leader¬ 

ship position finds it necessary to be in close co-operation with the 

dominating Anglo group. He is usually better educated and in a 

stronger financial position than the majority of the people. This im¬ 

mediately makes him suspect of having sold out to the “Anglos” at 

the expense of his own people in order to better his own position. 

This condition is not limited to Zapata, and investigators have found 

this to be generally true throughout the Spanish southwest (Watson 

and Samora, 1954: 414-415). 

Since Zapata is not an incorporated town, there is no city council 

or similar body to plan interaction with various government agencies. 

The only governmental unit at the local level is the county of which 

Zapata is the county seat. In the county the county judge is the chief 

figure. He has been the principal negotiator with the International 

Boundary and Water Commission. In addition, he controls the domi¬ 

nant local political group known as the Old Party. 

The people have a present time or even past time orientation. That 

is, activities are valued according to the present conditions and ac¬ 

cording to tradition. This is sometimes summed up in the word 

mahana. Mahansi is usually translated as “tomorrow.” Actually 

mahana is today. It is not the idea of putting off until tomorrow the 

things that don’t need to be done today, but it is doing only what is 
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necessary to live today (Campa, 1939). This attitude is not limited 

to Latin-American populations. It has been found that lower classes 

in other parts of the United States show an unwillingness to assume 

leadership roles and an indifference toward matters not immediately 

within their grasp (Reissman, 1954). 

A present time orientation limits the ability to swing into action 

to solve pending problems. Thus people stayed in Falcon and Lopeho 

after the deadline and did not move until flooded out in September, 

1953. Only then did the residents of the town of Zapata begin to move. 

The same scene was repeated during the flood that rolled down the 

Rio Grande in June and July, 1954. Residents of Piedras Negras and 

Laredo had several days warning but did not move until the water 

reached them. Up the river from Zapata is the little village of Uri- 

beho. The people there had not moved, even after observing what 

happened in 1953, and lost a number of houses when the 1954 flood 

brought the reservoir to a new high level. 

The same view of time is reflected in the attitudes of the people in 

solving the difficulties now arising on both sides of the river because 

of the loss of farm land and slowness of payment of claims. The ste¬ 

reotyped answer to questions about future plans was, “We will wait 

and see what happens.” This expression of unhurried patience fails 

to convey to the outsider the real urgency of the situation. Such an 

attitude leaves little place for planning in the framework of life of 

the people. The orientation of the patron does not greatly differ. 

Rather than looking to the future, he takes advantage of the present 

(Mead, 1953: 180). This contrasts with the future time orientation 

and planning for the future observed in a developing Anglo commu¬ 

nity in the Texas Panhandle (Bailey, 1952). 

Loss of faith in the International Boundary and Water Commis¬ 

sion has seriously interfered with negotiations at both the group and 

the individual level. People feel that the Boundary Commission is tak¬ 

ing advantage of them. The intensity of feeling was expressed in a 

letter to the Laredo Times, which suggested that the initials 1. B. & 

W. C. stood for “I Bully Women and Children.” Informants claimed 

that the flooding of Falcon and Lopeho in September, 1953, was de¬ 

liberately planned to scare the people of Zapata into action. The feel¬ 

ing that you cannot trust the Boundary Commission is rather general. 

Thus, there is the tendency to ignore or at least discount any state¬ 

ment of policy or warning issued by it. 

The exact causes of this loss of faith have not been discovered, but 

several contributing factors can be noted. The people’s lack of under- 
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Standing of legal procedures and the legal limits to which the Bound¬ 

ary Commission can go have led to misunderstandings. Much of the 

planning has been developed in conferences between government em¬ 

ployees and Zapata officials. Deaths of several key men may have re¬ 

sulted in inadvertent breaking of verbal agreements as to the inten¬ 

tions of the Boundary Commission. 

Language has been a handicap. It has been necessary to prepare 

some of the official documents in both Spanish and English versions. 

Because of the low educational level of the majority of the residents 

of Zapata, many of the details have not been understood. The use of 

bilingual residents in the area as interpreters may only complicate 

and confuse the issue. An Anglo informant who had worked in the 

area warned the author against the use of local interpreters. He 

claimed that the only ones available were the better educated people 

from high-status families. Because of the emphasis on ability to talk 

well and status differences, the tendency was either to talk down to 

the people or to talk over their heads. Interpreters were not always 

successful in getting across the desired ideas and even antagonized 

people. The extent to which the Spanish-speaking lawyers fell into 

this pattern is not known, but a rather general dislike of them was 

present. 

Planning has been complicated by differences in opinion as to the 

future of the area. The Boundary Commission made an economic sur¬ 

vey and came to the conclusion that the economic base of the area 

has been greatly reduced, and predicted a loss of up to 50% in popu¬ 

lation. On the other hand, the County Judge predicted a 25% in¬ 

crease. The Boundary Commission report discouraged a certain firm 

from investigating the possibility of providing Zapata with natural 

gas. Taking a more optimistic view, a group of Zapata residents have 

developed a large subdivision adjacent to the new town. As a result 

of this difference in opinion, the Boundary Commission was reluc¬ 

tant to expand facilities, while the county officials wanted to prepare 

for expansion. 

Comparison of the Falcon Dam project with government policy in 

other areas and with the program of the Mexican Section of the In¬ 

ternational Boundary and Water Commission has emphasized the 

difficulties experienced in Zapata. Across the river, the Mexican Gov¬ 

ernment has built a model town, Nuevo Guerrero, to replace the old 

town of Guerrero. The new town has been provided with schools, 

a hospital, government buildings, and other facilities. Eight types of 

homes and three types of commercial buildings were built (Fig. 4). 



Fig. 4. Scene in Nuevo Guerrero, Tamaulipas. 

Home owners and merchants from the old town were assigned to new 

quarters on the basis of the size of their original holdings. This actual 

replacement of buildings is constantly pointed to as the plan that 

should have been developed on the American side. Bitterness has been 

increased because the Mexican Government, which is usually con¬ 

sidered by the people of Zapata to do relatively little for the people, 

has, in this case, done more than the United States. As one resident 

said, “We used to say that Mexico was a hell of a place to live.” 

Similarly, the people of Zapata have been interested in develop¬ 

ments in other areas. Some men have read a Spanish translation of 

Lilienthal’s book on the TVA (1944) and think that there should be 

a comparable plan of regional development in Zapata County. They 

have also learned of cases where dams were not built because of the 

protests of the local residents. They find it difficult to understand the 

generosity of the United States in helping to relieve suffering in many 

parts of the world while, at the same time, it is not giving similar 

compassionate consideration to a situation it created here at home. 

The aid to victims of the Danube River flood of 1954, amounting to 

several millions of dollars, is cited as an example. In general these 

views have been supported in feature articles and editorials published 

in the Laredo, San Antonio, Houston, and Corpus Christi newspapers. 
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The extreme drought experienced in the area during the construc¬ 

tion of the dam contributed to the difficulty in solving the problems. 

The river flow fell to an all-time low and no large floods came down 

the river. This permitted the construction to proceed at a fast pace. 

At the same time the drought tended to remove the feeling that there 

was any necessity to push arrangements to move into new homes. 

Many people predicted that it would take years to fill the lake or that 

it would never be filled. People living in villages that were above the 

level reached by the greatest recorded floods had difficulty believing 

that the water would ever reach the level designated by the engineers. 

No one dreamed that the first flood after the completion of the dam 

would fill the lake to near capacity. 

The final factor contributing to the difficulties in solving the basic 

problems was the failure of the International Boundary and Water 

Commission to employ social scientists to assist with the project. Sur¬ 

veys of the school system, economic conditions, and cemeteries were 

made. The Laredo office was unable to obtain funds to employ some 

one to expedite relations with the residents of the reservoir area. The 

engineering and legal staff had to handle all of the human problems. 

Some of the Boundary Commission employees developed a distinct 

distaste for this aspect of their jobs. Adequate assistance in coping 

with the social or cultural aspects of the two basic problems would 

have done much to reduce the difficulties encountered in attempting 

their solution. 

ZAPATA COUNTY, 1954 

What is the situation in Zapata County as of September, 

1954? In order to answer this question it is necessary to review the 

activities since the lake began to fill. On the first of September, 1953, 

there were fifteen buildings in the new town of Zapata. The rapidly 

filling lake had already covered Falcon and Lopefio. It was still rain¬ 

ing on September 2, 1953, when radio newscasts carried announce¬ 

ments that new flood crests were coming down both the Rio Grande 

and the Salado River and it was expected that Zapata would be flooded 

by morning. Near panic developed. The Boundary Commission is¬ 

sued a statement saying that the water level would not be allowed to 

reach the level of Zapata until November. The reaction to this an¬ 

nouncement was one of distrust. People said that the Boundary Com¬ 

mission had lied to them before and that it would make no real effort 

to protect Zapata. 

The resulting panic broke the log jam in relocation. Home owners 

rushed to arrange property settlements. Originally three alternatives 



Fig. 5. House moving in old Zapata, September, 1953. 

being used to haul drinking water. Some families moved temporarily 

to Laredo and Rio Grande City. The Zapata schools in the old town 

were opened but had an enrollment of only 308. The average attend¬ 

ance for the previous school year had been 964. On November 27, 

1953, a total of 339 buildings were located in new Zapata, and by 

January, 1954, only five families remained in the old town. Old Za- 
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had been given them. First, the owner could sell all his property 

rights. Second, the owner could exchange his land for lots in the new 

town and sell his house. Third, the owner could trade his land, keep 

his house, and be given money to move the house to the new town. 

At this time a fourth alternative was permitted. People who had sold 

their homes were allowed to buy back their houses as salvage. The 

salvage price was figured by deducting cost of moving and damages 

from the value of the house and selling it back at one-half of the re¬ 

mainder. Because of the apparent urgency and the high cost of build¬ 

ing new structures, almost all of the frame buildings were eventually 

bought as salvage. House movers (Fig. 5) were called from as far 

away as Fort Worth. 

By September 12, 1953, a total of 240 buildings were in Zapata. 

The water filtration plant was not completed and tank trucks were 
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pata did not disappear under the waters of the lake until the flood of 

June and July, 1954. 

A survey of new Zapata in September, 1954, revealed that the 

town contained a total of 609 buildings. Of these, 488 were old build¬ 

ings from the old town. Old Zapata contained 882 buildings. Thus 

55.3% of the structures of the old town were moved to new locations. 

New Zapata contained 273 or 30.9% fewer buildings than the old 

town. The new town had a much more modern-looking appearance 

than the old town. The new buildings were of modern design and 

many of the old buildings have been painted or rebuilt. Informants 

observed that the people exhibited more pride in their new homes 

than they did in old Zapata. 

In spite of the plan to move all of the families in the Falcon Reser¬ 

voir area into new Zapata and the vote accepting such a plan, few 

families who were not previously residents of Zapata have moved 

to the government-planned community. The people from Lopeho, 

Falcon, Uribeho, and Ramirreho are developing new villages on the 

highway. Only ten families from Lopeho moved to Zapata, and some 

of them claim they will return to Lopeho as soon as the new site is 

developed. The residents are rebuilding their villages at their own 

expense. All lack the adequate water and sanitation facilities that are 

being supplied in Zapata. The Central Power and Light Company 

has provided electricity. Residents of the isolated ranches along the 

river are building their new homes on the highway. The central axis 

of settlement has shifted from the river to the highway. Even the 

move to the highway has not been without discord. There has been 

difficulty in selecting new village sites. There are now two new vil¬ 

lages of Lopeho, about a mile apart. The post office is in one and the 

school is in the other. This same situation has occurred in Tennessee 

(Scott, 1948) and in Missouri (Muehlbeier, 1950) and resulted in a 

splitting of public services. 

The most pressing problem facing the inhabitants of Zapata Coun¬ 

ty in 1954 was economic. The greater part of the money-making irri¬ 

gated land is now under water. Few of the farm owners have been 

paid for their land. The government has not permitted individual 

farmers to pump water out of the lake onto newly developed land. 

Original plans called for the establishment of an irrigation district of 

from 10,000 to 15,000 acres. The high cost of such a project, the ap¬ 

parent reluctance of grazing-land owners to sell, and the inability of 

the people to agree on a plan have brought the project to a halt. Last 

winter construction of new homes and other projects provided work. 
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This source of income is almost gone. Because of the drought, ranch¬ 

ing and dry farming have provided very little income. Many families 

have left temporarily to find work, and most of these have gone into 

migratory farm labor. The lack of cash has reduced business, and 

merchants have extended credit to the limit of their capacity. De¬ 

velopment of the recreational potential of the lake has not begun and 

is still an unknown quantity. Commercial fishing began in 1954. How¬ 

ever, since it was done by men moving in from other areas, it has 

added very little to the incomes of the local residents. 

The problems encountered in the relocation of the people of Zapata 

County are not entirely unique. Similar difficulties in moving people 

have been encountered in the building of other dams (Scott, 1948; 

Wilkening and Gregory, 1941; Muehlbeier, 1950; Muehlbeier, 1951; 

Muehlbeier, et aL, 1951; Muehlbeier, 1948; Shanley, et aL^ 1938), 

taking of marginal land out of cultivation (Hill, et al.^ 1938), re¬ 

location to avoid river flooding (Nicholas, 1948), and acquisition 

of land for large industrial plants (Chapin, 1952). There is positive 

need for planning to relieve the impact of relocation resulting from 

such projects. The announcement of plans to build a dam on the San 

Gabriel River near Laneport in Williamson County, Texas, has al¬ 

ready raised a storm of protest from the farmers within the proposed 

reservoir. The Great Plains Council, composed of the directors of 

agricultural extension services of the Plains states and representatives 

of other interested agencies, has been doing some planning to pre¬ 

pare for the many projects being developed in that area (Muehlbeier, 

et al., 1952). 
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Expository Drawing in the Biological Sciences 

by RUTH M, SANDERS 

Southwestern Medical School of The University of Texas 

ILLUSTRATIONS used in the field of biology—which, in its broadest 

definition, includes the field of medicine—may be placed in three 

general categories: (1) those that represent a subject realistically; 

(2) those that explain either structure or function; and (3) those that 

report the results of research and of statistical surveys in the various 

graph forms. The realistic illustration may be either a photograph or a 

drawing and it is in this group that photography has made its substan¬ 

tial contribution. The reporting of data through graph forms is a task 

for the draftsman; but, even though it may require much skill, it is a 

field limited by conventions and often lacking in life and color. It is 

with the second group—drawings of a schematic or diagrammatic 

nature—that the present discussion is concerned. They are the illus¬ 

trations that help the observer’s orientation and understanding. 

If one is preparing to make an expository drawing, is directing I 

someone else in making one, or is choosing one from available sources | 

for classroom or lecture demonstration, there are several questions j 

to be considered. The first and most obvious is, of course. “How can I 
li 

this graphic explanation be made most clearly?” Second, “How can j: 

it be made most accurately?” (The reference is not necessarily to ■ 

a picture image but to accuracy of exposition.) Third, “How can it be j 

made interesting and esthetically pleasing, within the bounds of its :: 

scientific nature?” | 

In regard to the factor, clarity of presentation, there is obviously ! 

some difference of opinion as to the degree of diagrammatic simpli- ; 

fication that a given subject should have for a given purpose. Many i 

diagrams stray so far from anatomical truth that much of their effec- | 

tiveness is lost. Fig. 1 and Fig. 2 are diagrams of the same subject, | 

the autonomic nervous system of man, presented for comparison. Fig. j; 

1 is similar to several versions seen in various texts. The spinal cord J 

stands like a totem pole in center with sympathetic fibers to the right j 

and parasympathetic to the left. Anatomical relationships have been j 

thrown to the winds and we see what could be parts of two eviscerated I 
individuals at the sides. This drawing was made to demonstrate how it 

should not be done. In Fig. 2, on the other hand, as much of the an- i 

38 
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atomical relationship is kept as is consistent with the explanatory pur- 

pose= The viscera have necessarily been pulled out from the spinal 

column and sympathetic trunk, but they are still related to each other 

in a fairly normal manner, and the differentiation between sympa¬ 

thetic and parasympathetic fibers is clear. This drawing gives a much 

better demonstration of the subject. 

Fig. I. Drawing of autonomic nervous system: example of poor presentation. Also, note 

blurred numerals with tone overlay. 

When we think of the accuracy of an expository drawing, we are 

considering its truth-revealing qualities, of course, more than its 

pictorial likeness to the object it represents, even though this likeness 

may be striking. This type of accuracy stems from understanding, 

which may be gained either through direct observations of the subject, 
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Fig. 2. Autonomic nervous system. A schematic representation of the efferent nerves and 

effector organs. (Courtesy Dr. Arthur Grollman, Pharmacology and Therapeutics, Lee & 

Febiger, publishers) 



EXPOSITORY DRAWING IN BIOLOGICAL SCIENCES 41 

through extensive reference to sound published opinion on it, or both. 

The drawing of a highly complicated and minute structure such as the 

human nephron, for instance (Fig. 3), requires many hours of back- 
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Fig. 3. The nephron, its blood supply, and cross-sections of its constituent parts, (Court¬ 

esy Dr. Arthur Grollman, Pharmacology and Therapeutics, Lea & Febiger, publishers) 

ground study as well as the observation of a number of microscope 

slides. This matter of understanding the thing-to-be-drawn as well as 

one can is obviously more basic than any other one factor insofar as 

accuracy is concerned. 

When considering the eye-appeal of a schematic drawing, one 

may note that many of the clearest and most accurate are also esthet- 

ically pleasing. Balance of masses, lines and lettering is not incon- 
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sistent, in most cases, with scientific truth. Even very specialized sub¬ 

ject matter can be made more interesting by an attractive layout. 

In the making of an expository drawing, there must be a key idea— 

a way of presenting the subject which can be developed to include all 

essential points. Therefore the first thing to do—and this cannot be 

overemphasized—is to study. If the same thing has been drawn before, 

try to find a fresh approach which is not already in the literature. At 

this time one should consider the audience, too, whether it is to be a 

group of specialists, for instance, or a layman group. Also, consider 

whether the drawing is to be published, whether it is for a lantern slide, 

or both; or whether it is for exhibit purposes with no reproduction 

process involved. 

The question of how or whether the drawing is to be reproduced 

involves media. Color may be used freely for exhibit purposes or for 

lantern slides, but the medical or biological artist on a school staff does 

not make many illustrations in color for publication because of the 

tremendous cost of color engraving. 

After actual work on the drawing is begun, the most difficult 

thing is to steer a straight course toward the goal of the clearest ex¬ 

planation without putting in or leaving out too much. One of these 

drawings usually goes through two drafts—and sometimes three— 

before it is put on final paper. There is the constant question of em¬ 

phasis and of subduing unimportant detail. Also, the relationship of 

parts must not be confused. In Fig. 3, for instance, an all-over stipple 

was used to differentiate the coils of the proximal tubule from those 

of the distal. If a stipple had been used on the entire structure, the re¬ 

lationship would have been confusing. 

There are various technical considerations that can do much 

toward making or marring a schematic drawing. Of very great im¬ 

portance is the labelling. In almost all cases, labels should be a part of 

the drawing, whether they are lettered by the artist or set in type at the 

margins. These labels should be in a clear open style of lettering, with 

words spelled out whenever practicable. When abbreviations are neces¬ 

sary, they should be immediately recognizable. The leader lines from 

these labels are just as important as the labels, because if the observer 

cannot tell what structure he is looking at, the label is useless. Un¬ 

broken leader lines are usually preferable to a dot or dash line, though 

not always. However the line is made, it must be firm enough to re¬ 

produce well without being too large, and its point of termination 

must be obvious. If there is likely to be any question about the end 

point, it may be made to spread slightly into a small firm dot. Where 
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a black line crosses dark structures or other dark lines, it is helpful to 

edge it with white. 

Fig. 4. A technical diagram in which arrows are used as part of the composition, as well 

as to convey a large part of the meaning. (Courtesy Dr. Donald Seldin) 

Arrows on a diagram should be as carefully made as the rest 

of the drawing and should be a part of the general composition (Fig. 

4). An asymmetrical arrow point or unsteady shaft lines can make an 

otherwise good piece of work look amateurish. 

For compositions which are part tone technique and part line 

work, or for the ink lettering on a tone drawing, it is advantageous 

to use an overlay sheet of matte surface acetate for the pen-and-ink 

lines. This enables the engraver to make a clear separation of tone and 

line and leave the lines unscreened. This process of making two nega¬ 

tives which are used together for one cut gives more sharpness to the 

line work. Fig. 2 is an example of such a combination engraving and 

so is Fig. 5. Fig. 5 is also an example of a “pathology diagram.” The 

author believes that the use of more diagrams of pathological change 
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in tissues would materially aid the beginning student in this subject 

because he could learn the fundamental pattern of a lesion while 

studying the more complicated actual section under the microscope. 

Fig. 5. A "pathology diagram" of a chronic peptic ulcer. An acetate overlay sheet was 

used for the lettering. The four layers in the ulcer base are numbered and described as 

follows: (I) Necrotic debris and polymorphonuclear leucocytes; (2) Necrotic granulation 

tissue; (3) living granulation tissue; (4) dense scar tissue. 

Thickened serosa 

Focal collection 
chronic inflammatory cells 

Histology diagrams are likewise valuable and are in current | 

use in several texts. Fig. 6 is an example of a semi-schematic drawing I 

by Professor Lewis Waters which gives anatomical orientation to the j 
student of neuroanatomy. It is of interest that various fine hand stip- ' 

pies here have done more for the areas depicted than the commercial 

tone sheets would have done. | 

These prepared tone sheets are a time-saving aid, however, in 

the making of diagrams. By their use, a line or stipple effect can be i 

quickly and neatly produced, even though it may have a stereotyped 

appearance. It is not good to apply such sheets over lettering or figures | 

unless a clear area is cut out around the lettering. In Fig. 1, the blurring ' 

or smudgy effect of a tone sheet over numerals is demonstrated. 

An example of expository drawing for the layman is the pre¬ 

sentation of a coronary occlusion shown in Fig. 7. In the original, • 

which is in color, the myocardial infarct is blue. The left coronary 

artery, most frequent site of trouble, is opened to show the obstructing I 

clot. By indicating an extensive infarct and recovery from it through j; 
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Fig. 6. Drawing of section through medulla 

{Courtesy Prof. Lewis Waters) 
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Fig. 7. Semi-schematic representation of a coronary occlusion. Copy of color drawings 

from a medical exhibit, "The Heart", prepared for public display by The Department of 

Medical Art, Southwestern Medical School. 

the establishment of collateral circulation, we hoped to convey the 

optimistic fact that the heart is often capable of withstanding severe 

disease. 

Numerous explanatory drawings published throughout scientific 

literature indicate that this field is one of the most challenging 
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in biological and medical art today. It is one of that can never be 

replaced by photography, and that makes a unique contribution toward 

the dissemination of knowledge. 



Obs-ervations on tbe Incidence of Dermocystidium 

marinum Infection in Oysters of Apalachicola 

Bay, Florida 

by C* E. DAWSON* 

Institute of Marine Science, The University of Texas 

INTRODUCTION 

THE existence of the oyster parasite Dermocystidium marinum 

Mackin, Owen and Collier (1950) in Apalachicola Bay oysters, 

Crassostrea virginica (Gmelin), was confirmed by a small number 

of observations made during the fall of 1952 (Ingle and Dawson, 

1953). 

The aim of the present study was to ascertain the distribution and 

degree of infection of parasitized oysters on the more important oyster 

bars. It was expected that this information would be of benefit in the 

planning of future State or private planting programs. A particular 

aim of this study was to determine whether or not the infection of oys¬ 

ters by D. marinum was confined to areas of relatively high salinity. 

The assistance provided by Mr. R. Wing of the Florida State Board 

of Health, and Mrs. H. Griswold and Mr. J. Martina, Jr., of the Florida 

State Board of Conservation in the collection of samples and the tabu¬ 

lation of routine data is gratefully acknowledged. The author is in¬ 

debted to Dr. Gordon Gunter for criticism of the manuscript. 

MATERIALS AND METHODS 

During the period from June 26, 1954, through July 2, 

1954, a total of 401 oysters from nineteen stations in Apalachicola Bay 

(Fig. 1) were examined for the presence of D. marinum. Stations were 

selected so that they would, in most cases, coincide with previously 

established hydrographic stations, and for their location on-or near 

commercially productive oyster beds. 

Each unit sample, 9 to 11 oysters, was chosen at random from un¬ 

culled oysters gathered by commercial tonging methods. The sizing 

of oysters into “large” and “small” samples was likewise done at 

random from the tong pile. Only one “gaper” was included. The re- 

* Formerly Biologist, Division of Oyster Culture, Florida State Board of Conser¬ 

vation. 
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maining oysters all exhibited effective valve closure even after several 

hours of exposure. 

The anus and approximately 5-7 mm. of the posterior gut of each 

oyster was cultured in thioglycollate medium inoculated with penicil¬ 

lin and streptomycin, as recommended by Ray (1952). Incubation 

was for a period of seven days and estimation of the degree of infection 

was based on the criteria set forth by Ray et al. (1953). Although the 

slides prepared from heavily infected oysters showed the typical blue 

to blue-black color, all determinations were made after microscopic 

inspection. 

Salinity determinations were made with sea water hydrometers and 

water temperatures were obtained with a Gemware surface ther¬ 

mometer. 

OBSERVATIONS 

Of the forty unit samples observed, three samples, totalling 

thirty oysters, were free of D. marinum. These negative samples were 

obtained from Stations 15, 31 and 34A. No additional samples were 

obtained from Stations 31 and 34A. The remaining unit samples ail 

showed some degree of infection. Infection of all oysters in a unit 

sample was found at Stations C, 11,17 and Dry Bar. 
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Of the 401 oysters examined, 50.1 per cent were infected with D, 

marinum. Light infections were found in 28.2 per cent; moderate and 

heavy infections were each found in 11.0 per cent of the total. The 

observations on infection by D. marinum are summarized for each 

station in Table 1. 

Table I 

Summary of observed Dermocystidium infection in Apalachicola oysters. 

No. No. No. No. No. Total 
Station Sampled Negative Light Moderate Heavy Infection 

C 30 10 8 4 8 20 

11 20 1 8 7 4 19 

12A 10 7 2 1 0 3 

13 19 8 3 4 4 11 

15 20 16 3 0 1 4 

17 51 18 14 9 10 33 

31 10 10 0 0 0 0 

32 40 30 8 2 0 10 

34 10 5 2 3 0 5 

34A 10 10 0 0 0 0 

37A 10 3 6 1 0 7 

44A 31 19 7 3 2 12 

45 10 4 5 0 1 6 

46A 10 6 4 0 0 4 

60C 20 7 9 1 3 13 

69 60 31 19 5 5 29 

71 10 3 4 2 1 7 

Dry Bar 20 8 6 1 5 12 

11 Mile Bar 10 4 5 1 0 6 

TOTAL; 401 200 113 44 44 201 

PER CENT 

INFECTION 28.17 10.97 10.97 50.12 

Simultaneous unit samples of “large’’ and “small” oysters were 

obtained from Stations C, 11 and 15. Small oysters were taken to be 

those ranging from 2 to 3 inches in length. Large oysters were those in 

excess of 3.5 inches. All samples of small oysters showed a lower per¬ 

centage of infection than was present in the corresponding sample of 

large oysters. The reduced infection of small oysters applied to all 

stages of infection. A comparison of the total observations on large and 

small oysters is presented in Table 11. 

From September, 1953, through August, 1954, a number of surface 

salinity observations were obtained from seventeen of the nineteen 

oyster sampling stations. The maximum, minimum and mean salinity 
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Table II 

Analysis of D. marinum infection in samples of large and small oysters. 

No. No. No. No. No. o/ /o 
Size Sampled Neg. Lt. Mod. Hvy. Infected 

2-3 ins. 30 16 6 3 5 46.7 

-{-3,5 ins. 30 7 9 6 8 76.7 

for each station is shown in Table III. In view of recent laboratory 

studies which ahow that D. marinum may be transmitted and de¬ 

velop to the acute state in sixteen weeks (Ray, 1954), salinity data 

available for the six month period from January through June, 1954, 

is provided in Table IV. 

Table III 

Observed surface salinities in o/oo; September, 1953, through August, 1954. Per cent 
D. marinum infection during sampling period shown for each station. 

Station 
No. 
Obs. Max. 

Salinities 
Min. Mean 

/o ^ 
Infection 

C 14 18.4 1.2 9.5 66 
11 42 25.6 0.3 7.6 95 

12A 42 38.9 0.4 10.0 30 

13 39 38.9 0.4 17.2 58 

15 39 39.9 0.4 17.7 20 

17 26 37.5 1.2 17.7 65 

31 38 29.3 1.3 11.2 0 

32 18 31.3 5.3 14.3 33 

34 15 36.0 5.5 19.5 50 

34A 7 33.7 6.7 17.4 0 

37A 18 29.2 3.7 13.0 70 

44A 14 38.4 9.8 19.0 63 

45 26 39.2 1.1 18.3 60 

46A 16 38.1 0.8 19.3 40 

60C 8 28.0 13.8 21.8 65 

69 31 37.2 18.4 29.3 48 

71 31 35.4 4.7 20.8 70 

' There is little variation in surface water temperatures from station 

to station in Apalachicola Bay. Observed annual temperatures ranged 

from a maximum of 35.0°C. in July to a minimum of 10.0°C. in Jan¬ 

uary. After April 1, 1954, there was no observed water temperature j 

below 20.0°C., and temperatures constantly in excess of 25.0°C. were | 

observed after May 31. Temperature averages for June and July were i 

28.3°C. and 30.8°C., respectively. i 
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Table IV 

Observed salinities, o/oo; January through June, 1954, Per cent D. marinum infec¬ 
tion during sampling period is shown for each station. 

Station 
No. 
Obs. Max. 

Salinities 
Min. Mean 

o/ /o ^ 
Infection 

C 4 14.7 1.2 7.4 66 

11 21 18.4 1.1 5.8 95 

12A 20 19.0 1.1 7.3 30 

13 20 23.2 0.5 9.8 58 

15 19 24.4 0.4 11.2 20 

17 16 26.2 2.4 14.5 65 

31 28 29.3 1.3 10.6 0 

32 15 29.2 5.3 13.1 33 

34 12 35.1 5.5 17.4 50 

34A - 7 33.7 6.7 17.4 0 

37A 17 30.3 5.0 12.1 70 

44A 12 27.6 9.8 17.5 63 

45 18 26.5 3.4 15.7 60 

46A 9 23.8 6.0 15.5 40 

60C 6 26.1 13.8 20.3 65 

69 24 36.0 18.4 27.8 48 

71 24 32.5 4.7 16.2 70 

DISCUSSION 

Evidence is presented to show that Dermocystidium ma¬ 

rinum infections were present on the commercial oyster beds of Apala¬ 

chicola Bay, from Station 60C (Goose Island) in the east to Station 59 

(Indian Lagoon) in the west, during the sampling period. A compari¬ 

son of the per cent of total infection with geographical location indi¬ 

cates that the disease was widespread throughout the area. 

Sampling was insufficient to permit statistical analysis of the rela¬ 

tive incidence of D, marinum infections on the individual bars. Paucity 

of samples may also account for the negative observations recorded 

from Stations 31 and 34A, since neighboring beds all exibited some 

degree of infection and no unusual hydrographic conditions were in¬ 

volved. This possibility is supported by the fact that whereas the 

original unit sample from Station 15 was completely negative, a sub¬ 

sequent sample exhibited a 40 per cent infection. A further considera¬ 

tion is the possibility that a few of the observations on the posterior 

gut and anus were diagnosed as negative when other portions of the 

oyster supported light infections. Occurrences of this nature were noted 

byRay^?£z/. (1953). 

Since much of the previous work on D. marinum has been directed 

toward the pathology of the disease and methods of transmission, rela- 
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lively large numbers of gapers have been included in most observa¬ 

tions. Except for the one gaper included, the present study was con¬ 

fined to live oysters. The single gaper was taken at Station 17, and the 

infection was diagnosed as light. 

In conjunction with oyster mortality studies in Barataria Bay, 

Louisiana, Mackin (1953) determined the incidence of infection in 

a sample of 112 live oysters. A number of studies have been made on 

the infection of gapers and on combined samples of live oysters and 

gapers, but this sample is the only published one restricted to live oys¬ 

ters. Although the date of sampling is not given, it is assumed to have 

been during September, 1949, as that is the month given for the com¬ 

pletion of this one phase of his mortality experiments. This being the 

case, it is further assumed that the indicated incidence of infection was 

normal for samples of live oysters in Barataria Bay during periods of 

high water temperature, and that the data may thereby logically serve 

as a basis of comparison with the Apalachicola Bay observations (see 

Table V). 

Table V 

Relative infections of D. marinum in oyster samples from Apalachicola Bay and 
Barataria Bay. 

Location No. Sampled % Neg. % Lt. % Mod. % Hvy. % Infect. 

Apalachicola Bay 401 49.9 28.8 11.0 11.0 50.1 

Barataria Bay 112 47.6 35.9 11.7 4.7 52.4 

Although there is no reason to expect identical observations from 

the two localities, a general similarity of incidence in all categories will 

be noted. The oysters from Barataria Bay were fixed and sectioned 

while my determinations were made by the cultivation method. The 

difference observed in the percentage of heavy infections might be 

assigned to greater frequency of massive individual infections in the 

Florida oysters sampled, but the case is not clear. The size of the sam¬ 

ples were different and the techniques used in estimating the degree 

of infection differed. Thus a difference of heavy infection amounting 

to approximately six per cent of the total oysters sampled may not be 

significant, although compared on a basis of per cent of heavy infec¬ 

tion to per cent of heavy infection the difference is considerable. 

Whether heavy infections on the order of 11 per cent were present 

in the entire oyster population of Apalachicola Bay during the sam¬ 

pling period is not certain. It is noteworthy, however, that this is the 

highest percentage of heavy infections so far reported for samples of 

live oysters. 
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The rapid growth of oysters in Apalachicola Bay results in the 

development of three-inch oysters in less than fifteen months, and 

isolated individuals have been found to attain this size in four months 

(Ingle and Dawson, 1952). The study of D. marinum infections in 

large and small Apalachicola oysters (Table II) can therefore be rea¬ 

sonably interpreted as a comparison between infections of one-year 

oysters and older individuals. The present observations agree, then, 

with Mackin’s Louisiana observations and his statement (1951) that 

oysters under one year of age are not as extensively infected as are 

older, market size, individuals. 

In the literature on the infection of oysters by D. marinum one 

frequently finds statements to the effect that massive infections occur 

under conditions of high temperature and high salinity. Such state¬ 

ments usually fail to indicate the limitation of the term “high salinity,” 

and do not differentiate between a massive infection of the individual 

oyster and the massive infection of the sampled population. They also 

leave the thought, by inference, that massive infections do not occur 

in waters of low salinity. Massive infections, when mentioned in this 

paper, refer to the individual. 

Mackin (1953) has shown that the incidence of infection in oysters 

kept in warm water is eight times as great as in those kept in cool water. 

No consideration is given here to the effect of water temperature on 

the incidence of infection, for the study was made when temperatures 

were high. The Apalachicola oysters were subject to water tempera¬ 

tures in excess of 25.0°C. after May 31 and throughout the sampling 

period. 

The waters of Apalachicola Bay are subject to wide variations of 

salinity both daily and over extended periods. The differences between 

surface and bottom salinities at the sampling stations were less than 

1.0 o/oo. Reference to Tables III and IV will show that D. marinum 

infections, in all intensities, occurred at stations with mean annual 

salinities ranging from 7.6 o/oo to 29.3 o/oo, and means covering the 

six-month period prior to sampling of from 5.8 o/oo to 27.8 o/oo. 

Sample stations had observed annual and six-month maximum salinity 

ranges of 39.5 o/oo and 29.6 o/oo respectively. Of particular interest 

are the data obtained from Stations C, 11, 12A and 13. These stations 

are all located near the mouth of the Apalachicola River and are gen¬ 

erally subject to lower salinities than the other stations sampled. Mean 

salinities at these stations for the period from January through June 

ranged from 9.8 o/oo to 5.8 o/oo. In the 79 oysters examined from 

these stations there was a total incidence of infection of 67.1 per cent. 
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Light infections were found in 26.6 per cent of the total sample, and 

the moderate and heavy categories each accounted for 20.2 per cent of 

the infections. If localities of high salinities are taken to be those where 

the annual mean is in excess of 17.7 o/oo and the sampled oysters are 

grouped according to their origin in areas of high and low salinity 

(Table VI), then it will be seen that the incidence of moderate and 

heavy infections is greatest in low salinity even though the total in¬ 

cidence is greater in the high salinity range, but the difference is not 

enough to be statistically significant. To all intents and purposes the 

different categories of infection were found to be roughly the same. 

Table VI 

Incidence of D. marinum infections in relation to high and low salinity. 

Salinity No. Sampled % Neg. % Lt. %Mod. %Hvy. % Infect. 

“Low” 

7.6—17.7 o/oo 230 53.5 22.6 12.2 11.7 46.5 

“High” 

18.3—29.3 o/oo 151 49.7 33.1 9.3 7.9 50.3 

Essentially the same thing is shown in a different way in Table VII. 

This table is derived from Tables I and IV. Samples with two or less 

moderate and heavy infections per ten oysters sampled are compared 

with samples with three or more moderate and heavy infections per 

ten oysters sampled. The mean salinities from January to June, 1954, 

were slightly less on the more heavily infested beds. 

Massive Dermocystidium marinum infections of Apalachicola oys¬ 

ters may occur in areas of low mean annual salinity and where the 

annual maximum salinity is less than 20.0 o/oo. Although heavy in¬ 

fections occur in localities with mean salinities of 5.8 o/oo, theer is no 

evidence to indicate that this constitutes the minimum salinity re¬ 

quirement for the development of massive D. marinum infections. 

It should be noted that this study was not a mortality study and has 

nothing to present on that score. Mackin (1950, 1951) states that mas¬ 

sive infections of Dermocystidium marinum develop under conditions 

of high temperature and high salinity. Hewatt and Andrews (1954) 

state that D. marinum is known to be widely distributed in the high 

salinity waters of the Chesapeake, and they seem to think that Vir¬ 

ginia mortalities are caused by this disease; but they have presented 

no data to support these statements. High salinity has frequently been 

stated as a condition for the development of massive infections, but 

no data have yet been published on the relation of salinity to the inci- 
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dence of D. marinum and resLilting mortalities. The present study re¬ 

fers only to the incidence of infection and gives no data on mortality. 

It shows that massive infections occur in Apalachicola oysters under 

conditions of high temperature and low mean salinity. 

Table VII 

Samples with two or less moderate and heavy infections per ten oysters sampled are 
shown with their salinities compared to samples with three or more moderate and 
heavy infections per ten oysters. 

Station No. Oysters No. Mod. & Hvy. Mean Sal. 
Jan.-June 

12A 10 1 7.3 

15 20 1 11.2 

31 10 0 10.6 

32 40 2 13.1 

34A 10 0 17.4 

37A 10 1 12.1 

bD 44A 31 5 17.5 

45 10 1 15.7 

46A 10 0 15.5 

60C 20 4 20.3 

69 60 10 27.8 

231 25 Av. 15.3 

C 30 12 7.4 

11 20 11 5.8 

13 19 8 9.8 
> 
> 17 51 19 14.5 
CQ 
0) 

N-( 34 10 3 17.4 

71 10 3 16.2 

140 56 Av. 11.9 

No effort is made here to assess the economic loss to the oyster fish¬ 

ery as a result of the presence of the disease in Apalachicola oysters, 

but it is considered to be of a high order. For several years oystermen 

have complained that, although large oysters are present in quantity 

on Cat Point Bar (Station 17) from January through April, legal sized, 

three-inch oysters are always extremely scarce at the resumption of 

oystering on this bar in September. A total incidence of infection of 

65 per cent was noted at Station 17 during this study, and it is not in¬ 

conceivable that an extraordinarily high annual summer mortality 

of large oysters results from widespread D. marinum infections. This, 
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however, can only be ascertained by the examination of monthly 

samples of both large and small oysters throughout the year. 

There is a closed oyster season in Florida from May 1st through 

August 31st of each year, but this, at least in Apalachicola Bay, is 

circumvented by various effective subterfuges and the fishery is prose¬ 

cuted with little respite throughout the year. In view of the widespread 

nature of D. marinum infections, it seems probable that many of the 

oysters reaching the summer market would have succumbed to the dis¬ 

ease had they not been gathered prior to the opening of the legal season. 
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The Walam Olum of the Delaware 

Indians in Perspective 

by WILLIAM W. NEWCOMB, JR. 

Texas Memorial Museum 

THE Walam Olum, or Red Score, was a pictographic record on wooden 

sticks which was meant to accompany a mythological and historic 

chant of the Delaware Indians. The chant and the pictographic record 

were first translated and published by Constantine Samuel Rafinesque 

{The American Nations, 1836). D, G. Rrinton (1885:154ff.) made an 

exhaustive study of Rafinesque’s manuscript and the published trans¬ 

lation of the Walam Olum, and came to the conclusion that the chant 

and pictographic record were authentic Delaware documents. There 

seems to be no reason why we should not accept Rrinton’s verdict, al¬ 

though we cannot as easily accept the accuracy of the migrations re¬ 

counted in the Walam Olum. One of the purposes of this paper is to 

inquire into the accuracy of the Walam Olum as an account of Dela¬ 

ware migrations. A second purpose is to examine the reasons why a 

people like the Delaware would produce a work such as the Walam 

Olum. There are other graphic representations of the tribal histories of 

North American Indians, but there are none from the northeast anal¬ 

ogous to the Walam Olum. Voegelin (1940: 30) has said of the Walam 

Olum in this connection: 

.it does not appear that the document is so aberrant as to be open to 

suspicion regarding its authenticity as a native production. Rather, dis¬ 

tributional evidence seems to show that many of its elements were not 

limited to the Delaware alone but were fairly widely distributed among 

Eastern Woodlands tribes. The combination of these elements in the 

Walam Olum is, so far as we know now, unique to the Delaware. 

The Walam Olum consisted of a creation myth, a deluge myth, and 

what purported to be the subsequent history of the tribe. The mythol¬ 

ogy was consistent with Algonquian mythology in general (Rrinton, 

1885:164). The migration legend in the historical section of the 

Walam Olum is slightly different from those described by various in¬ 

vestigators of the Delaware (Heckewelder, 1881:47-70; Zeisberger, 

1871:32-6). We shall discuss this difference presently. 

According to Erin ton’s translation of the Walam Olum, the origin 

of the Delaware was in the far northeast, “probably at Labrador.” 

From here they 
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.journeyed south and west, till they reached a broad water, full of 

islands and abounding in fish, perhaps the St. Lawrence about the Thou¬ 

sand Isles. They crossed and dwelt for some generations in the pine and 

hemlock regions of New York, fighting more or less with the Snake peo¬ 

ple, and the Talega, agricultural nations, living in stationary villages to 

the southeast of them, in the area of Ohio and Indiana. They drove out the 

former, but the latter remained on the upper Ohio and its branches. The 

Lenape [Delaware], now settled on the streams in Indiana, wished to 

remove to the East to join the Mohegans and others of their kin who had 

moved there directly from northern New York. They, therefore, united 

with the Hurons (Talamatans) to drive out the Talega (Tsalaki, Chero- 

kees) from the upper Ohio. This they only succeeded in accomplishing 

finally in the historic period. But they did clear the road and reached the 

Delaware valley, though neither forgetting nor giving up their claims to 

their western territories (Brinton, 1885: 165-166). 

At least one modern investigator, using the Walam Olum as the basis 

for his deductions, has traced the Delaware migration all the way from 

Asia (Lilly, 1944: 33-40). Archaeological evidence does not seem to 

support the migration account of the Walam Olum. While archaeologi¬ 

cal knowledge of the area is imperfect, it indicates that the Munsee- 

Delaware peoples had long been residents of the mid-Atlantic Coast. 

There is evidence for the diffusion of some culture traits from other 

areas, and perhaps even migration into the area, but not of such a 

nature as to substantiate the migration tale found in the Walam Olum 

(Cross, 1941; Ritchie, 1944, 1949: 195-196; Smith, 1950: 116, 156- 

157). There is no linguistic evidence, and we have been unable to dis¬ 

cover any other cultural traits, which would support the migration 

account of the Walam Olum (Voegelin and Voegelin, 1946: 188-192; 

Newcomb, 1953: 57—190), In short, the only indication we have found 

for a southern and then an eastern migration of the Delaware is the 

migration account of the Walam Olum. 

Rafinesque did not give a very clear account of how he acquired the 

Walam Olum. He apparently obtained a record of the “Olum,” or the 

engraved wooden sticks in 1820, but it was not until 1822 that he ob¬ 

tained a written copy of the chant which was meant to accompany the 

pictographs (Brinton, 1885: 153ff.). We know, then, that the Walam 

Olum was produced before 1820, but how much before this time it is 

difficult to say. We do find, however, that if we examine the nature 

and condition of Delaware life during the seventy or seventy-five 

years preceding the date when Rafinesque published the Walam Olum, 

we have a key to understanding why it was produced, and evidence 

which bears upon the validity of its migration account, as well as clues 

concerning its authenticity as a Delaware document. 
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The Delawaran peoples prior to the coming of Europeans were a 

somewhat scattered, politically unorganized group, inhabiting an area 

extending from Delaware Bay on the south, through Manhattan 

Island, up the west side of the Hudson River to the Catskills on the 

north. Inland, they occupied the banks of the Delaware River and its 

tributaries northeast to the Hudson. Because of this geographic location 

they were in early contact with Europeans, and even before the open¬ 

ing of the eighteenth century they were being forced out of their 

homeland. By the second half of the eighteenth century scattered 

groups of Delaware were temporarily living in the Ohio Valley. In¬ 

stead of living a semisedentary life, pursuing a relatively peaceful gar¬ 

dening, fishing, and hunting existence, the Delaware had been swept 

into the precarious economy of the fur trade, and the political strug¬ 

gles of the British, French, and Americans. The Delaware were in¬ 

volved in all the wars of this era, starting with the French and Indian 

War and continuing through the Revolutionary War. Their basic sub¬ 

sistence techniques and general economy had been radically altered. 

Delaware bands were frequently without leaders, and those that ex¬ 

isted were often without power. Alcoholism, disease, starvation, and 

demoralization stalked every Delaware camp and village. Even the 

land they lived on belonged to the Piankashaw and Miami (Hodge, 

1907: 240). The younger generation of Delaware was growing up ig¬ 

norant, perhaps even contemptuous, of the traditional ways of life. 

In short, during the latter portion of the eighteenth century every 

facet of Delaware life had been shattered, altered, or challenged. (See 

Newcomb, op. cit., 23-44, 191-217, for a more detailed account of this 

history.) 

As so often happens when a people’s way of life is in the process of 

being radically changed by a conquering and dominant civilization, 

the Delaware between 1750 and 1812 underwent a series of nativistic 

movements. These nativistic movements were of the type which have 

been described as “revivalistic nativism” (Linton, 1943: 230-240). 

This form of nativism involved “an attempt to revive extinct or at least 

moribund elements of culture. . . .” (ibid.^ 231). The Delaware were 

becoming increasingly aware that their life was being radically altered, 

and that they were in large part helpless to forestall this change and 

disintegration. As is frequently the case in such circumstances, the 

Delaware tried to do by magical and religious means what they could 

not do by their own unaided efforts. About 1750 prophets and messiahs 

began to appear among the Delaware, and they continued to appear 

sporadically until 1812 (Zeisberger, 1910: 20). These prophets taught 
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that by the proper ritual actions the deities would come to their aid 

and the trend toward cultural disintegration and collapse would be 

halted or even reversed. The earliest and most successful prophet, of 

whom we have knowledge, was known as the Delaware Prophet or the 

Imposter. His career reached its zenith about 1762 (Peckham, 1947: 

98; Heckewelder, 1881: 293). This man had received in a vision in¬ 

structions from the Great Spirit on how to restore his people to their 

former state. The Great Spirit had told him that for the Delaware to 

regain their lands, and their former condition, they would have to 

make sacrifices and discard all the white customs that they had 

adopted. He also forecast war with the whites (Heckewelder, 1881: 

293; Kenny, 1913: 171—172). His teachings were made concrete by a 

number of symbolic figures painted on a tanned deer hide. Replicas of 

this map were made, some on paper, and were sold by the Delaware 

Prophet. Some of the purchasers in turn seem to have become minor 

prophets (Heckewelder, 1881: 293). Parkman (1910: 215) recounted 

Pontiac as saying, however, that: 

A prayer, embodying the substance of all that he [z.c., the prophet] had 

heard, was then presented to the Delaware. It was cut in hieroglyphics 

upon a wooden stick, after the custom of his people; and he was directed 

to send copies of it to all the Indian villages. 

It seems likely that both of these accounts are correct and that the 

Delaware Prophet used both of these methods to bear his message. 

There were several other prophets; one was a Munsee Delaware 

called Wangomend who appeared in 1766, but unfortunately little is 

known about him (Heckewelder, 1881: 294). The last important 

prophet to be associated with the Delaware was Tenskawatawa, a 

Shawnee and a brother of Tecumseh. These two men lived for several 

years, beginning in 1798, at one of the Delaware villages on White 

River in present day Indiana. The Shawnee prophets’ teachings were 

essentially the same as those of the Delaware Prophets’, but we do not 

know whether painted sticks, or symbolic maps were used by him 

(Luckenbach, 1938: 392,261-262). 

It seems extremely unlikely that the period of revivalistic nativism 

among the Delaware should by mere chance coincide with the time 

when the Walum Olum might well have been produced. On the con¬ 

trary, we would expect a production such as the Walam Olum to ap¬ 

pear at just such a time. The Delaware were acutely conscious of their 

past and were desperately trying to revive it. They were viewing their 

aboriginal life through the wishful and sentimental eyes of a decimated 

and harried minority. What would have been more natural, you almost 
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might say inevitable, than that some Delaware, perhaps one of the 

prophets, would symbolize by pictographic record the traditional myths 

and legends of his people? The myths and legends would of course be 

based upon, or derived from, the traditional tales, but the emphasis 

and perhaps even their content would be changed to suit the conditions 

of the age. We have seen that at least one way in which the Delaware 

Prophet spread his doctrine was by painted sticks. It does not seem at 

all strange that the origin tales, myths, and traditional history should 

be portrayed in a like manner. 

If we turn to a closer examination of the Walam Olum, several other 

parts of it are now more clearly understood. The Walam Olum em¬ 

phasized that the Delaware had never given up their claims to the 

western lands in the Ohio Valley (Brinton, 1885: 166). We have seen 

that during the latter part of the eighteenth century the Delaware were 

temporarily dwelling in this area on the lands of the Piankashaw and 

Miami. If the Delaware could claim this land as once having been their 

own, they would be in a much stronger position, morally if not legally, 

to retain possession of it. From this point of view, considerable doubt 

is cast upon the validity of that part of the Walam Olum which re¬ 

counts former Delaware occupation of this land. 

In the fourth section of the Walam Olum is found a long list of 

chiefs, together with their exploits. They are described as tribal rulers 

having considerable power {ibid., pp. 167-168). This information does 

not square with what is known of Delaware political organization at 

the opening of the historic period. There were then no persons who 

functioned as tribal chiefs, the largest political unit being the com¬ 

munity, at most composed of several villages. Over a community there 

was “a titular chief sachem” who had little power (Wallace, 1949: 9). 

In the winter when individual families were hunting, even this rudi¬ 

mentary organization was absent. The anomaly is cleared up if we 

view the Walam Olum as a product of the late eighteenth century. 

Early in this century Delawaran peoples, as well as remnants from 

other groups, had consolidated and the Delaware tribe had emerged. 

Tribal chiefs, wielding considerable authority, had for a time brought 

security and order to Delaware society. In the latter half of the century, 

through military disasters and cultural decay in general, tribal society 

was weakening and tribal leaders were losing their authority. In look¬ 

ing back to a Golden Age, a nativistically oriented person would almost 

certainly focus the heroic (if mythical) accomplishments of his peo¬ 

ple upon these chiefs. The list of chiefs may or may not be mythical, 
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but almost certainly it does not apply to any pre-European tribal chiefs. 

No credence can be given their exploits. 

Another curious aspect of the Walam Olum is more easily under¬ 

stood by viewing it as a product of the second half of the eighteenth 

century. The traditional migration tales of the Delaware mention only 

a migration from west to east, none from the northeast to the south¬ 

west and then to the east, as does the Walam Olum. Brinton (op. cit., 

145) says that the legend of migration from northeast to southwest is 

“common to the western Algonkin tribes, the Kickapoos, Sacs, Foxes, 

Ottawas and Pottawatomies. . . .” The Delaware were in contact with 

these people by the second half of the eighteenth century. Could it be 

that part of the migration legend of the Walam Olum was a diffusion 

to the Delaware from one of these western people? Again, then, doubts 

arise as to whether the Walam Olum is a true account of Delaware 

migrations. 

SUMMARY AND CONCLUSIONS 

By examining the nature and conditions of Delaware cuh 

ture during the three-quarters of a century prior to the publication of 

the Walam Olum, we find that we have a new perspective with which 

to gauge and understand this document. Viewed in this light it becomes 

difficult to accept the Walam Olum as an authentic account of Dela¬ 

ware migrations. It seems rather to be an account, by a despairing per¬ 

son unable to gain his customary satisfactions from a life that no longer 

existed, of a Golden Age which never was. In short, our hypothesis is 

that the Walam Olum came into existence as an adjunct of the nativis- 

tic movement. Indeed the Walam Olum plainly appears to be the mir¬ 

ror image of a nativistically oriented people, rather than an authentic 

account of their history. There seems to be no reason for rejecting the 

Walam Olum as a genuine Delaware document; on the contrary, it 

would be a logical accompaniment of a revivalistic movement. 
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Thiamine and Riboflavin Content of 

Commercial White Bread 

by NELL DAVIS 

North Texas State College 

INTRODUCTION 

IN 1943 the Forty-eighth Texas Legislature passed article 4476, which 

pertains to the enrichment of white flour and white bread sold in 

Texas (1). Section three of this article states that, “On and after the 

effective date of this Act it shall be unlawful for any person to manu¬ 

facture, bake, sell or offer for sale, or to receive in interstate shipment 

for sale for human consumption in this state, any bread or flour un¬ 

less the following vitamins and other ingredients are contained in 

each pound of such bread or flour: (a) not less than 1.0 milligram of 

vitamin B, (thiamine); (b) not less than 4,0 milligrams of nicotinic 

acid (niacin) or nicotinic acid amide (niacin amide); and (c) not 

less than 4.0 milligrams of iron.” 

The Federal Standards set up by the Federal Security Agency (2) 

were higher than those set up by the State of Texas, being minimum 

and maximum for thiamine 1.1 mg. to 1.8 mg., riboflavin .7 mg. to 

1.6 mg., niacin 10.0 gm. to 15.0 mg., and iron 8.0 mg. to 12.5 mg. 

per pound (2). 

According to Robert R. Williams (6), an effort has been made to 

secure the use of enriched flour by bakers. Some bakers have tried en¬ 

riching their flour but have discontinued the practice because the 

costs were slightly increased. In order to insure meeting the stand¬ 

ards, the millers must incorporate a slight excess of the vitamins in 

the flour due to inaccuracies in feeder equipment and possible lengthy 

periods of storage before the flour is put to use. The baker can add the 

vitamins directly to the dough, which usually reaches consumers in 

twenty-four to forty-eight hours (3). 

The Texas ruling, as such, is an excellent one, but the act does not 

provide any means of enforcing it. True, it does provide for a penalty 

or penalties if the act is violated, but it does not set up money for 

periodic checks. 

From an earlier private communication of an independent prelimi¬ 

nary study, it was found that all bread tested had been enriched, but 
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the values varied so much that it was assumed the enrichment had 

been poorly made or inadequately added. 

All white bread must be labeled as such to comply with the pro¬ 

visions set up by the Food, Drug and Cosmetic Act. The Texas label 

states (2) that, “One-half pound of this bread supplies you with at 

least the following amounts or percentages of your minimum daily 

requirements for these essential food substances—thiamine (vitamin 

BJ 55%; riboflavin (vitamin 17.5%; niacin (another B vita¬ 

min) 5 milligrams, and iron 40%.” 

With the above information, and because of the difficulty of getting 

vitamin B^ in the diet, it was thought that the present study might be 

of interest. 

PROCEDURE 

Samples of ten brands of commercial enriched white bread 

and one sample of whole wheat bread were purchased in the public 

retail markets in Denton, Texas, in the spring and summer months 

of 1953. Three analyses for thiamine and three for riboflavin were 

made on each brand from samples purchased on three different days, 

making a total of thirty-three different loaves tested. All analyses 

were made in triplicate. 

Sampling of the loaves was made by taking the third slice from 

each end as well as the center slice of the loaf, making a total of three 

slices. These samples were weighed and mixed in a Waring Blender 

with a known amount of distilled water. If analysis was not made at 

once, the samples were refrigerated until analyses could be made. 

Thiamine determinations were made by the thiochrome method 

by oxidation of thiamine to thiochrome (3). Biboflavin determina¬ 

tions were made by the fluorometric method (3). 

DISCUSSION OF RESULTS 

The average thiamine values (Table I) of the samples of the 

ten brands of white bread ranged from 0.51 mg. per pound to 1.47 

mg. per pound. The average thiamine content of the whole wheat 

samples was 1.10 mg. per pound. Of the ten brands of white bread 

analyzed, only three brands, Wr., Jr., and Mk., met the state require¬ 

ment of 1.0 mg. per pound; however, the whole wheat bread contain¬ 

ing an average of 1.10 mg. exceeded the state standard. These three 

samples, Wt., Wr., and Jr., also met the minimum standard of 1.1 

mg. set up by the Federal Security Agency. The samples which did 

not meet the state requirement for thiamine varied from 51 % to 83% 

of the standard 1.0 mg. None of the samples was lower than 50%. 
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The sample supplying 99% of the thiamine requirement was a milk 

bread containing the equivalent of one-half pint of whole milk in each 

one and one-half pound loaf. 

Riboflavin values of the white bread samples all surpassed the mini¬ 

mum standard of 0.7 mg. per pound as set up by the federal agency. 

Riboflavin was not included in the state regulation. Average values 

for riboflavin ranged from an average of 1.73 mg, to 3.43 mg. per 

pound. The samples of whole wheat bread averaged 2.15 mg. per 

pound and the milk bread 2.38 mg. These values supplied from 247% 

to 490% of the minimum federal standard with milk bread furnish¬ 

ing 341%. 

There were two samples of white bread, Wr. and Jr., that exceeded 

the sample of whole wheat bread in quantity of both thiamine and 

riboflavin. 

Niacin and iron analyses were not made. 

The low values for thiamine might be explained by the fact that 

thiamine is very readily destroyed by alkali or the pH of the dough. 

The pH as well as high, dry heat in baking would very greatly influ¬ 

ence the amount of thiamine present in the bread. The low values for 

thiamine might be explained by the fact that thiamine is very readily 

destroyed by alkali. Pace and Whitacre (5) found retentions of thia¬ 

mine to be good from 80-89%, when the pH of corn bread batters did 

not exceed 6.0, but with a pH of 6.25 to 6,6 the retentions ranged from 

.5% to 73%. Since it is unlikely that soda was used in making these 

commercial yeast breads, the destruction of thiamine in the dough 

could have been due to the high temperatures used in baking. 

Harrel et al. (4) observed that thiamine losses in bread baked at 

424° F. for 20 minutes and bread baked at 475° F. for 30 minutes 

varied from 6.8% to 29.17%. 

The very high values for riboflavin may be due to the addition of 

dry milk solids to many of the commercial breads now on the retail 

market. According to Robert R. Williams (6), variable amounts of 

skim milk solids are used in bread in addition to the use of enriched 

flour. When the two, skim milk solids and enriched bakery flour, are 

used together, there is often an excess of riboflavin. More uniformity 

of enrichment in bakeries could be attained if all used enriched bakery 

flour (4). 

From the results of the present study, it is apparent that all the 

manufacturers of the bread tested are complying with the state law, 

and the wide variation in thiamine and riboflavin content may be due 

to the technique of adding the vitamins. 
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Table I 

Thiamine and Riboflavin values per pound of white breadf 

Thiamine Riboflavin 

Dates Sample Ave. Range Tex. Fed. Ave. Range Fed. 

mg. mg. o/ 
/o 

o/ 
/o mg. mg. 9/ /o 

4-16 

4-29 

7-28 

Hm 0.51 0.29-0.68 51 47 1.73 1.36-2.32 247 (1)* 

7-16 

7- 28 

8- 11 

Fs 0.59 0.34-0.75 59 54 2.09 1.57-2.50 299 (3) 

5-2 

7- 28 

8- 11 

Ws 0.62 0.56-0.72 62 56 2.49 1.55-3.20 355 (9) 

7-16 

7- 28 

8- 11 

Bs 0.64 0.76-0.94 64 59 2.25 2.09-2.53 321 (5) 

4-29 

7- 28 

8- 11 

Sk 0.76 0.45-0.95 76 69 2.42 2.21-2.56 346 (7) 

4-29 

7-16 

7-28 

Cs 0.76 0.63-0.97 76 69 1.94 1.62-2.45 277 (2) 

4-29 

7-16 

7-28 

Te 0.83 0.69-1.08 83 75 2.42 2.66-4.05 346 (8) 

7-16 

7-20 

7-30 

Mk 0.99 0.92-1.04 99 90 2.38 1.82-2.72 341 (6) 

7-8 

7-16 

7-28 

Wtf 1.10 0.45-1.52 110 100 2.15 1.68-2.40 307 (4) 

4-29 

7-16 

7-28 

Wr 1.29 0.87-1.51 129 118 2.83 2.36-3.27 404 (10) 

7-6 

7-8 

7-16 

Jr 1.47 1.24-1.77 147 134 3.43 2.52-4.83 490 (11) 

* The numbers in parentheses represent the order of the riboflavin from the lowest to the highest—■ 
1 through 11. 

t Wt. represents the only samples of whole wheat bread. 
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The Distribution of the Suckermouth Minnow, 

Phenacobius mirabilis, in Texas 

by CLARK HUBBS and WILLIAM F* HERZOG 

The University of Texas 

THE suckermouth minnow, Phenacobius mirabilis (Girard), has 

been known to occur in the coastal streams of Texas since Jordan and 

Gilbert’s (1886) records from the Sabine River at Longview and the 

Trinity River at Dallas. Although many subsequent authors have 

mentioned the occurrence of this fish in the state, only Evermann 

(1892) has listed a supplementary locality, i.e., the Trinity River at 

Magnolia Point, ten miles southwest of Palestine.* 

Three records of the suckermouth minnow are now available from 

the Colorado River System: Texas Natural History Collection No. 

1263 from the Pedernales River at Ranch Road 93 crossing 22 miles 

west of Austin, by John D. Riggs and R. D. Stephens on March 4, 

1951; T.N.H.C. No. 3815 from the Colorado River at the mouth of 

Shoal Creek in Austin, by Herzog and Thomas E. Kennerly, Jr., on 

October 14, 1954; and T.N.H.C. No. 3816 from the same locality, by 

Herzog and John R. Hilliard, Jr., on October 15, 1954. No detailed 

ecologic information was made on the single specimen collected by 

Riggs and Stephens. The three specimens collected by Herzog et al. 

were from very swift water with a heavy growth of Potomogeton. 

During the fall of 1954 seven additional specimens have been collected 

from under boulders in this riffle. 

Many collections have been made in the Colorado River rapids at 

the mouth of Shoal Creek by the authors and various students at The 

University of Texas since 1950 without catching any suckermouth 

minnows. It is possible that this fish has been introduced into the 

Colorado River System by bait release. However, if so, Riggs and 

Stephens’ 1951 record would require that the introduction occurred 

early in the period of intensive collections in the vicinity of Austin. 

Only Jordan and Gilbert’s collection from this locality reported in 

1886 is available to check on fish distribution prior to 1950. Obviously 

one collection will not suffice for negative evidence. 

* Jordan (1878) recorded the suckermouth minnow from the Rio Grande at 

Brownsville. Hubbs (1954b) indicated that the locality data for the fish reported by 

Jordan were in error. 
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We feel that the two collections of the suckermouth minnow from 

the same riffle on consecutive days is not a coincidence. It is likely 

that this species is more abundant there than at any time since 1950. 

Many of the riffle fishes appear to be more abundant than in the past. 

Hubbs (1954a) had only twelve specimens from the entire Colorado 

River System for his study of variation of Hadropterus scierus. Dur¬ 

ing the four-year period less than ten specimens of Hadropterus have 

been collected from this riffle. The two collections containing Phena- 

cobius had eleven Hadropterus. We suspect a similar increase in the 

abundance of suckermouth minnows. 

Recently four other cyprinids have been added to the known fauna 

of the Colorado River by Jurgens (1954), who felt that all four had 

been recently introduced as bait. Although some or all of those min¬ 

nows may have been introduced, we feel that of these only Semotilus 

is not native to the Colorado River System. All of the others have 

established populations in the river. During prehistoric floods the var¬ 

ious rivers of central and eastern Texas must have been connected by 

floodwaters and any of the pelagic fishes which normally inhabit the 

main streams would have been transported to other systems. Those 

that could survive the ecologic conditions in the new river established 

populations at that time, which would only be supplemented by re¬ 

leased bait. The suckermouth minnow supports this hypothesis. It is 

rare over its entire range. Moore and Paden (1950) stated that it was 

nowhere abundant in Oklahoma. In addition to the three Colorado 

River records from Texas, only the following two can be added to 

those known from Texas: T.N.H.C. No. 3202 from the Sabine River 

12 miles south-southwest of Marshall, by Hubbs and Kirk Strawn 

on July 9, 1953; and T.N.H.C. No. 3817 from Owens Creek nine miles 

south of Henderson, by Hubbs and Strawn on July 10,1953.'^ Although 

few of over one hundred collections from eastern Texas, which we 

have examined, were from streams as large as the Sabine, many were 

from creeks very similar to Owens Creek. As in Oklahoma, its occur¬ 

rence in eastern Texas must be considered to be rare. It is unlikely 

that bait fishermen would capture them in numbers. 

The suckermouth minnow is believed to have a natural distribution 

typical of many fresh-water fishes. The southwestern limit to its range 

is along the Balcones Escarpment. Thus water chemistry rather than 

stream divides appears to be the major barrier to its southwestern 

distribution. 

* These collections were made during a field trip supported by The National 

Science Foundation. 
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The collections from which adequate ecologic data are available 

have only clear water and rapid current in common. Vegetation is nil 

in the Sabine and Owens localities and heavy in that from the Colo¬ 

rado. The bottom was boulders in the Colorado locality, clay in the 

Owens locality, and coal boulders scattered over sand in the Sabine 

locality. With the exception of Owens Creek, each collection is from 

a large stream. Unfortunately too few large stream collections are 

available to be sure if the suckermouth minnow is more common in 

large streams than small streams in Texas. 
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Notes on the Uzbek Culture of Central Asia 

hy BABUR CAGATAY and ANDREE F. SJOBERG 

TODAY in the heart of Central Asia live the Uzbeks, a people about 

whom the outside world knows little. It has been estimated that they 

number more than 6,000,000. They live primarily in Uzbekistan, al¬ 

though they actually occupy a much broader area. It is often over¬ 

looked that approximately 500,000 Uzbeks live in present-day Afghan¬ 

istan (Jarring, 1939). This paper deals with one sub-group of these 

Uzbeks of Afghanistan. 

The primary purpose of this study is to call attention to some of 

the characteristics of Uzbek culture. Despite the fact that these peo¬ 

ple have developed a high culture of their own, detailed information 

concerning many aspects of their life is lacking. 

We are concerned herein with that group of Uzbeks living in Kabul. 

Now citizens of Afghanistan, most of the older generation came as 

refugees from various cities of Uzbekistan during the 1920’s and very 

early 1930’s. The Kabul Uzbeks are not a homogeneous group. The 

various urban communities in the traditional Uzbek area have had 

their own distinctive sub-cultures; this has, for example, been reflected 

in patterns of speech and dress. Furthermore the sub-cultures in rural 

areas typically have differed from those in urban centers, the latter 

having been more highly influenced by Persian culture. 

Between 2,000 and 3,000 Uzbeks live scattered throughout the city 

of Kabul. The greater part of these have been influenced by the Tash¬ 

kent sub-culture. The ensuing discussion relates primarily to this sub¬ 

group, although many of the generalizations hold for the others as 

well. This must constantly be kept in mind. 

One special note of caution must be made. The data recorded herein 

are one person’s observations. Thus some biases may well exist. In 

spite of this obvious limitation, it is hoped that some appreciation and 

understanding of Uzbek culture will result from publication of this 

material. The senior author^ (temporarily in the United States) is 

1 The junior author is primarily responsible for organizing and writing the paper 

and assumes full responsibility for the phonemic transcription of the Uzbek words 

recorded herein. No attempt has been made at a comparative analysis of the cultural 

data. However, whenever possible the observations have been checked against perti¬ 

nent sources in a number of languages, although no special effort has been made to 

cite these herein. Gideon Sjoberg provided most valuable assistance in the organi¬ 

zation and writing of the paper. 

72 



UZBEK CULTURE OF CENTRAL ASIA 73 

now in his early twenties. He has spent his lifetime in Afghanistan, 

mostly in Kabul, although he also has some familiarity with such Uz¬ 

bek cities of northern Afghanistan as Andkhui and Mazar-i-Sharif. 

BACKGROUND MATERIALS 

One Uzbek origin legend has been heard by the senior au¬ 

thor. This states that two Uzbek brothers were governing a certain 

area in Central Asia. Some people from Sinkiang Province attempted 

to conquer them but experienced difficulty because the brothers were 

so closely united. However, they finally succeeded in getting the two 

brothers and their people to fight one another. In the end only a boy 

and a girl were left, starving in the desert. Here they encountered a 

wolf. The boy spread his turban cloth on the ground and the wolf 

started playing with it. Then the wolf, pulling on the turban cloth, 

led the couple to an inhabited city. Tradition holds that this boy and 

girl were the “progenitors” of the present-day Uzbeks. And to this 

day the wolf is an important symbol in Uzbek culture. 

The history of the Uzbeks is in fact quite blurred. Some Uzbeks 

today believe they are descendants of Genghis Khan. However, it ap¬ 

pears that the Uzbeks as a whole are genetically a mixture of the origi¬ 

nal Turkic tribes as well as the Mongol conquerors and other groups 

who have drifted in and out of Central Asia. Culturally it seems that 

the Turkic groups living in Turkestan have undergone considerable 

change as a result of the intrusion of Islam into that area beginning 

in about the seventh century, the Mongol conquests of the thirteenth 

century, and the expansion of Iranian culture a century later. The 

Uzbeks may have become a separate and distinct group only after this 

time. Thus Barthold (1945) argues that the Uzbek people separated 

from the Kazaks as recently as the fifteenth century. However, on this 

and other facets of Uzbek history wide disagreement exists, especially 

concerning the specific role of the Uzbeks in the development of the 

urban cultures of Central Asia. Their contribution in this sphere does 

not appear to have been given any real attention. 

Language, The Uzbeks speak one of the languages of the Turkic 

sub-group of the so-called Ural-Altaic linguistic family. The Uzbek 

language includes a number of dialects. Each of the major cities—e.g., 

Tashkent, Bokhara, Andijan—as well as each of the various rural re¬ 

gions inhabited by the Uzbeks, evidently has had its own character¬ 

istic dialect. (The speech of the senior author seems to have been in¬ 

fluenced by that of Tashkent.) The situation is further complicated 
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by the fact that the speech of many areas—especially certain urban 

centers—has undergone considerable ‘hranization.” 

For purposes of this paper the phonemes of the senior author’s 

speech, which does not necessarily follow the written language, are 

as follows (the symbols are adapted from the International Phonetic 

Alphabet): i, e, u, o, a, p, b, t, d, k, g, q, c, ], f, v, x, y, h, s, z, s, 1, m, n, 

w, r, y (’ indicates palatalization of the preceding consonant). 

This list is tentative. Some revision in the number of phonemes 

may possibly result from more intensive study of the Uzbek lan¬ 

guage. Certainly a full-scale analysis of Uzbek—including the manner 

in which Arabic and Persian loanwords have been incorporated into 

it—is sorely needed. The works of such authors as von Gabain (1945), 

Wurm (1945), and Jarring (1938) represent preliminary efforts. 

No real analysis of the language is undertaken here. However, 

notice should be taken of the interrelationships between the language 

and the Uzbek social structure. The linguistic patterns to a degree 

reflect the social positions of the speaker and the person being ad¬ 

dressed. Verb forms especially point this up. Thus if one were to ask 

a person to give him a book, the following alternatives might be em¬ 

ployed: 

1. Kitabni 

the book 

2. Kitabni 

the book 

3. Kitabni 

the book 

4. Kitabni 

the book 

man-ga 

to me 

man-ga 

to me 

olayimmi 

may I take 

ola 

take 

ber (sing.) 

give 

berir] (pi.) 

give 

bilurmammi 

may I 

Ideally each of these forms is used in a specific kind of social situa¬ 

tion. The first alternative is typically employed when one addresses a 

person in a lower social position. Examples of this would be a servant 

if younger than the speaker, one’s son or daughter, one’s brother if he 

is younger, one’s sister if younger or of the same age (male speak¬ 

ing), and one’s wife. It is also used among friends if they are rela¬ 

tively young. 

The second form, in which the plural of the verb is employed, con¬ 

veys more respect. This is generally used when speaking to one’s 

mother, one’s husband, one’s older brother, one’s sister if she is quite 

a bit older, and a servant if clearly older than the speaker. 



UZBEK CULTURE OF CENTRAL ASIA 75 

The third is typically employed for addressing one’s father or one’s 

teacher. It is used when speaking to an upper-class person and to an 

elderly person even if of the lower class. And two old people, when 

conversing with one another, make use of this form. The fourth alter¬ 

native is more formal than the third but is used in the same social sit¬ 

uations. There is, however, more uncertainty on the part of the 

speaker that his request will be granted. 

The particular kind of social structure found among the Uzbeks is 

also suggested by the existence of certain sex differences in speech. 

Uzbek men, especially those with some formal education, pronounce 

words of Arabic origin in a manner closer to that of standard Arabic 

than do women (these words deal mostly with religion). Thus a man 

may pronounce the name of the Prophet, '‘Muhammad,” whereas a 

woman may say “Muxammat.” And in conversation women are apt 

to use different pitch patterns than men. Uzbek women also make 

considerable use of euphemisms in their speech. 

ECONOMIC LIFE 

Among the Uzbeks it is the pattern for women to stay at 

home, running the household and taking care of the children, while 

the men work outside in the community. In this respect there is a 

rather rigid division of labor. Most Uzbek men in Kabul are employed 

in various kinds of commercial activities—e.g., in the clothing busi¬ 

ness (both wholesale and retail), and in the operation of bakeries, 

restaurants, public baths, and barber shops. A few are engaged in ex¬ 

port-import trade. 

A few remarks should be made about the manner of conducting 

business among the Uzbeks of Kabul. As in most pre-industrial cities, 

extensive haggling over the price of merchandise takes place; consider¬ 

able skill is thus required in the marketing of goods. Uzbek business¬ 

men utilize an abacus (cot) in making calculations. This abacus dif¬ 

fers from those typically employed in China and Japan in that it lacks 

a cross-bar. A diagram of this type of abacus is given by Smith (1925: 

176). 

Of particular importance is the role of the Muslim religion in eco¬ 

nomic life. The lending of money for interest is prohibited. But some 

special methods of moneylending do occur. If a person is in need of 

money, a friend may lend it to him for an indefinite period of time, 

and the lender assumes that he may never be reimbursed. This form, 

called qarzi hasana, is carried out in a very round-about manner. 

Money may also be lent according to a process called qarz^ in which 
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a definite time limit is set for the return of the loan. In neither case 

is interest collected. Some people, however, will ‘lend” money to a 

person to help him run or establish a business, with the stipulation 

that the lender will share in the profits or loss incurred in the venture. 

Food. Meals are eaten three times a day, in addition to which tea is 

drunk at irregular intervals, even by the men at their place of work. 

If possible, people take all of their meals at home; generally only poor 

persons eat in restaurants. However, men often take their lunch to 

work with them or send a boy to buy some food in the market place 

to be eaten in the shops. The purchasing of food for the household is 

usually done by the men, whereas women do the cooking except at 

very large feasts. 

The Uzbeks, following the injunctions of their religion, wash their 

hands before eating whenever this is at all possible. When guests are 

present, or even certain family elders, a large oval basin, preferably 

of brass, is provided. The head of the family, or perhaps one of the 

sons, carries this receptacle around with a pitcher of water and a 

towel. Beginning with the guests and elders, he pours over each indi¬ 

vidual’s hands some water which runs through the perforated cover 

into the bottom of the basin. No soap is used at this time; it is, how¬ 

ever, utilized for washing the hands after a meal. Another important 

feature of each meal is the saying of bismilla before eating and allahu 

akbar or perhaps a longer prayer after eating. 

At meals the family sits on the floor in one room. There is, for the 

financially able, wall-to-wall carpeting on the floor and long rectan¬ 

gular cotton quilts along the four sides of the room, an opening being 

left at the exit. People sit on these quilts. Upon the carpet is spread a 

large rectangular sheet of cotton cloth which serves as a “table.” The 

younger members of the family sit near the door and the older people 

at the opposite end of the room. Furthermore, women sit on one side 

of the “table” and men on the other, with a minimum of conversation 

being carried on between the sexes. Very young children may sit 

anywhere. Women eat resting on one knee; on the other hand, men 

sit crosslegged with the feet in front. Here as in other situations peo¬ 

ple are supposed to sit quietly without fidgeting. 

The old people begin eating first. Solids such as meat, rice, or bread 

are picked up and eaten with the right hand. (The left hand is never 

used in eating, being reserved for “unclean” purposes.) A spoon or 

sometimes a piece of bread is employed for semi-solid or liquid foods. 

Knives are utilized for certain dishes, but forks are nonexistent. While 

eating, a person is careful not to drop food upon the floor because 
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someone might step on it. Some believe that the individual who drops 

the food as well as the one who steps on it will go blind. 

The first meal of the day, which is eaten about seven o’clock in the 

morning, typically consists of tea and of cream eaten with wheat 

bread. Whenever possible there will also be eggs, either scrambled or 

fried in butter, or a cold rice cereal soaked in milk, or pancakes made 

from eggs and wheat flour. For the second meal of the day, taken at 

about noon, the Uzbeks may eat kawah (kabob) or sorwa with bread 

and drink either a cold beverage like ayran in the summer or tea in 

the cooler seasons. If guests are present during the afternoon, glasses 

of a fruit drink, usually lemonade, are served; otherwise, people take 

tea and cookies. The evening meal, at about six or seven o’clock, is the 

most important. Typical dishes are pilaw and qazan kawah, a dessert 

of fruit or vegetable preserves, and bread and tea. A variety of other 

foods are eaten by the Kabul Uzbeks. A detailed discussion of the 

more important dishes follows. 

Little if any coffee is used. Tea is the favorite drink, black tea be¬ 

ing preferred over green. It is drunk hot from cups without handles. 

Usually only sugar is added; however, for the morning meal it may 

be prepared with milk. To make this drink, qaymaq cay, the Uzbeks 

boil water, add some black tea, allow the water to boil once more, and 

than add milk. Next they pour the tea from one pot to another several 

times until it acquires a “rosy” color. A little butter is added, and the 

beverage is drunk from large china bowls. 

Milk is an important beverage and many families keep a cow. From 

milk are made yogurt and butter. No cheese is made by the Kabul 

Uzbeks. Yogurt is prepared by bringing milk to a boil and adding 

yeast of yogurt. This preparation is allowed to stand until it becomes 

a colloidal substance. Diluted with a little water and served cold it 

makes a beverage called ayran. Butter is made by churning yogurt in 

a cylindrical wooden churn. Salt is added as a preservative. 

A number of meat dishes are prepared. Meat must be eaten from 

animals which have been slaughtered according to certain religious 

norms—e.g., the throat must be slit: in this way the blood drains off 

more easily. The Uzbeks, like other Muslims, abstain from eating pork. 

Although horsemeat and beef and occasionally game and fish are 

consumed, mutton is the most popular meat. It is frequently made into 

kawab. This is prepared by cutting meat into small cubes and covering 

these with onions so that the latter’s flavor will be absorbed. These meat 

cubes are stuck onto flat iron sticks along with pieces of fat from the 

fat-tailed sheep, tomato, and liver. The sticks are then laid over a 
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charcoal brazier in the kitchen. Kawab is eaten by holding the stick in 

the left hand and sliding off the food with a piece of bread held in the 

right hand. Qazan kawab is a preparation made from pieces of mutton 

fried in a pan with sliced onions and a little shortening. 

Sorwa is a soup made by boiling mutton with the fat left on with 

some carrots, potatoes, onions, etc., all of which have been cut into 

pieces. In winter the ingredients might be fried first in a good deal of 

shortening before they are boiled. Qawrma is a stew of mutton, vege¬ 

tables, and spices which is typically eaten with pilaw. 

Another mutton dish is manti. Raw meat is chopped finely with a 

heavy meat cleaver. Then wheat dough made with butter and eggs 

is wrapped around-the meat, to which onions and fat have been added, 

and the whole is shaped into a ball. These “meat pies” are steam-cooked 

in special containers which are either cylindrical or cone-shaped. The 

pies are set upon a series of perforated discs which, in the cylindrical 

cooker, have short legs so that they rest one on top of the other. In the 

cone-shaped container the discs are of graduated sizes so that they fit 

tightly against the inside wall. A tuswara is a somewhat smaller meat 

pie which is twisted into the general shape of a human ear. Instead of 

being steam-cooked it is boiled in water. Another kind of meat pie is 

yupqa. This is made by rolling out wheat dough very thin and “baking” 

it in a large frying pan, two and a half to three feet in diameter. It is 

then moistened with a little melted butter and spread with cooked 

ground meat. The sides are folded over to form a rectangular pie. This 

dish is eaten cold at the morning meal. Two special meat pies served at 

marriage feasts are somsa and waraqi. Two kinds of somsa are made. 

In one, mutton is spread on a circular piece of dough, the sides of which 

are then folded over toward the center. In the other, mutton is placed 

instead on top of several rectangular layers of dough. Both types are 

baked in an oven. Waraqi is a circular piece of dough spread with mut¬ 

ton and folded in half to form a semi-circular pie which is fried. 

A popular dish eaten on winter evenings is norin. Qazi^ an impor¬ 

tant ingredient of this, is made about a year ahead of time. The Uzbeks 

take strips of raw, boneless horsemeat and cut these crosswise into small 

pieces to which are added salt, horse fat, and cumin. The mixture is 

stuffed inside horse intestines and allowed to dry. Frequently this qazi 

is hung in the kitchen so that after a time it becomes smoked. To make 

norin, the Uzbeks boil fresh horsemeat with the bone left in it. The 

juice is saved for later use. Next they prepare a dough of wheat flour 

and eggs. This is rolled out very thin and cut into six-inch squares 

which are boiled and then spread on a large reed mat to cool. They are 
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buttered on both sides and cut into strips about one inch wide. Finally 

these strips of dough are piled one above the other and cut crosswise 

into “matchsticks.” If norin is being prepared for about fifteen people, 

two of the aforementioned qazi will be cut up into small pieces. Next 

the bone is removed from the boiled horsemeat and the latter is cut 

finely. By now most of the meat and dough has been converted into 

“matchsticks” about one inch long. The ingredients are mixed together 

in a kettle in proportions of about one part meat to three parts dough, 

and the meat stock which has been set aside is re-heated and poured 

over them. After a few minutes the juice is drained off, and the stew is 

eaten with the fingers from special china bowls. 

A most important staple is wheat bread, which may be either leav¬ 

ened or unleavened. The loaves, about one inch thick, are flat and 

circular. Uzbek women bake bread almost every day in a tandir^ a 

large barrel-shaped oven of clay and bricks (Fig. 1). Typically this is 

outside the house in the interior courtyard, where it rests upon a plat¬ 

form of bricks set up against a wall. The oven is approximately 3 to 4 

feet long and 2 to 2^/2 feet wide at the aperture. It has an insulating 

cover of mud and bricks. Inside the oven a charcoal or wood fire is laid 

above a small opening which, combined with a hole at the top, permits 

air to be drawn through. (Air flows into the bottom of the oven through 

a passageway in the brick platform.) About thirty pieces of dough may 

be slapped onto the hot inside wall of the tandir by an individual who 

wears long gloves of quilted cloth. When the loaves are baked they 

are removed with a spatula. Ordinarily this bread is eaten fresh. But 

left-over loaves may be ground up, mixed with sugar, and soaked in 

milk to make a dish, nan tolqan, eaten at the morning meal. 

From wheat flour and eggs are prepared a number of noodle dishes. 

One of these is layman. The dough is rolled out with a wooden rolling 

pin into a large circular sheet which is folded accordian-wise and then 

cut across in narrow strips. Next these noodles, each about four feet 

long, are dropped into boiling water. They are served topped with 

a stew made from mutton fried with onions and later boiled with 

potatoes, carrots, and turnips, all the ingredients being cut into small 

pieces. As is a dish made with noodles that are short and narrow. These 

are cooked in a stew similar to that mentioned above except that it con¬ 

tains more juice. Yogurt is placed on top when the dish is served. 

Pilaw, a rice dish, is an extremely important food. To make this, rice 

is left to soak for two or three hours. In the meantime, onions are fried 

in a deep pan until they become somewhat transparent. Next, pieces of 

mutton, or sometimes chicken, are fried in this pan for about ten min- 
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utes. Water and raw carrots cut into “matchsticks” are added, and the 

whole is allowed to boil until the meat is almost tender. Then almonds, 

soaked raisins, salt, cumin, among other ingredients, are mixed in. 

Finally the rice is placed on top, more water is added to cover, and the 

entire mixture is cooked slowly until most of the water is gone. When 

the rice is tender the pilaw is covered and “baked” on top of the stove 

for about half an hour before serving. 

At home pilaw is eaten from china plates or occasionally a large oval 

or round platter (lagan) made of copper plated with a tin alloy. From 

five to seven persons may share one of these platters. The Uzbeks eat 

pilaw by scooping it up on the fingers of the right hand and pushing 

it into the mouth with the aid of the thumb. 

At festivals, for which a great deal of pilaw is often made, the rice 

and the qawrma are cooked in separate pots. The pilaw is prepared in 

a large cast-iron kettle called a yurt (“community”) qazan. This is 
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five or six feet in diameter at the mouth and has four small “ears” for 

handles. Several of these may be used at a very large feast. Smaller 

kettles are employed for cooking the qawrma. Each pot is set into a 

fire-pit lined with bricks and stone in the interior courtyard. Pilaw is 

served at festivals on the large copper platters, the qawrma being placed 

around the pilaw. Most of the utensils for use at large ceremonies are 

owned jointly by the Uzbeks of Kabul and are held by one family when 

not in use. (The senior author was told that in Tashkent each quarter 

of the city had its own distinctive copper platters and cast-iron kettles 

which were the common property of the residents. Here, the cooking 

pot is called a mahalla [“quarter”] qazan.) 

As for vegetables which are eaten, carrots, potatoes, eggplant, and 

spinach are the most common, although turnips, beets, squash, etc., are 

also prepared. Carrots are especially popular, being consumed raw, 

boiled, as jam, as pickles, etc. Eggplants are commonly eaten fried, 

topped with salt and yogurt, or made into pickles. Salads of tomatoes, 

onions, red and green peppers, cucumbers, etc., may be taken as an 

afternoon snack during the summer. Also fruits are eaten fresh or 

made into preserves. 

Pastries and candies are prepared. Quhili is a small, flat, triangular 

or diamond-shaped piece of sweet dough which is fried. Salla is a long, 

narrow strip of sweetened dough twisted around several times like 

a turban cloth and then fried. Another pastry, qatlama, is made by 

rolling out dough into a large circle, then cutting this into strips, which 

are buttered and laid one on top of the other. This pile in turn is rolled 

up, set on its side, and flattened to about the size of a dinner plate. It 

is fried slowly and afterwards topped with sugar and ground pistachio 

nuts. A popular sweet is nisalla, which resembles marshmallow but is 

less viscous. It is usually eaten with a spoon. Nawat, a rock candy, is 

made by boiling sugar with water and allowing the solution to crystal¬ 

lize onto long strings. Finally, there are various soft candies called 

halwa. 

A few people take snuff, nas^ which they carry in elaborate gourd 

containers. Some older persons still utilize the water-pipe (cilim) when 

smoking tobacco. There is some smoking of hashish, which is either 

mixed in a cigarette with tobacco or else stuck on the end of a piece of 

wire and allowed to burn, the smoke being inhaled through the paper 

straw. 

Clothing. The following is concerned with the clothing of the Kabul 

Uzbeks, although some attention is given to the more traditional Uzbek 

dress. Men generally wear two-piece western-style underwear. Over 
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this they place a long-sleeved cotton shirt which buttons down the front 

as far as the waist. It has a high neck without a collar. (The traditional 

Uzbek shirt, worn even today in northern Afghanistan, has its open¬ 

ing on one shoulder, closed by a button.) Most of the older Uzbek men 

in Kabul still wear ihan, very full trousers of thin white cotton. These 

are sometimes six to eight feet wide at the waist and are pulled in by 

a drawstring. The shirt typically hangs outside. Some men wear west¬ 

ern-style trousers with the shirt tucked in. Boys, and sometimes men, 

wear jodhpur-like pants which are tucked into high boots. A waistcoat 

is commonly worn over the shirt. Over all of this is placed a ton^ 

a loose quilted coat which opens down the front and reaches to the 

middle of the lower leg. It is usually of striped cotton. (Persons in¬ 

fluenced by Tashkent culture wear a ton with stripes in solid colors, 

whereas, for example, those who follow the Bokhara style of dress have 

different bands of color within each stripe.) The front of the ton may 

be edged with an elaborately embroidered band. In winter men wear 

a postin which, although similar to the ton, is lined with lamb’s wool 

or fox fur. Or a shorter type of postin, called postinca, may be worn. 

The cakman is an unlined, unquilted topcoat in a solid color. Now¬ 

adays western-style coats are more and more coming to be adopted. 

Men and boys typically shave their heads. However, they do not 

go about bareheaded. Boys and young men may wear a karakul cap or 

a toppi. The toppi is a cap of cotton, felt, or occasionally velvet. It may 

be rounded or slightly pointed on top. 0|lder men, especially religious 

persons, typically wear the turban. This is a long strip of cotton cloth 

wound about the head several times and worn fairly low on the ears. It 

may be in stripes or solid neutral colors, although the more devout 

wear white ones. 

Western-style shoes are worn by men, although boots reaching to 

the knee are also popular among boys and younger men. These boots 

are worn over paytawa. Or some men place mahsi over the paytawa 

instead. A paytawa is a long strip of cloth wound about the foot and 

ankle. A mahsi is a black leather stocking, with the seam up the back, 

extending to just below the knee. Galoshes are worn over this outside 

the house. 

As for women’s clothing, their underwear consists of two pieces, a 

shirt and short pants. Over this is placed a long-sleeved dress which 

reaches below the knees; those worn by older women are longer than 

those for young women. The dress buttons part way down the front 

or back. Under it are worn trousers like those for the men except that 

they are not as full at the waist and are made from finer material. 
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These are in various colors and designs. In cold weather girls may also 

wear a waistcoat. Over the aforementioned items of clothing, women 

may wear a ton, although this is not as loose as that for men, or per¬ 

haps a fur-lined postin. 

Even in the house a woman usually wears on her head a romal, 

which is a kerchief folded into a triangle. The two ends may be tied 

under the chin, secured under the hair, or simply left hanging on the 

shoulders. Older women generally wear white kerchiefs, younger 

women colorful ones. The latter sometimes wear an especially elab¬ 

orate kerchief (qarsi). (Women keep the headcloth on when they don 

the veil.) 

Women go veiled outside the home after puberty. The traditional 

Tashkent veil, worn by a few old women in Kabul, consists of two parts 

(Fig. 2; cf. Olufsen, 1911: 482).. The first part is the cacwan, a large 

rectangular piece of dark-colored gauze made from horsehair. This 

completely covers the face and extends almost to the waist. It is secured 

by a band buttoned at the back of the head. The second part is the 

paranji, a coat-like covering which is draped over the top of the head. 

This is open in front and reaches almost to the feet. It has two sleeves 

which are not used but are simply left hanging. The paranqi is usually 

in a neutral color but is sometimes elaborately embroidered. Nowadays 

most women wear a one-piece paranp which is draped over the head 

and body and reaches almost to the ground. Although this garment is 

open in front from the waist down, the upper part of the body is com¬ 

pletely covered. Some threads are removed from the portion in front 

of the eyes so that a gauze-like opening is left. 

Most women wear western-style shoes and stockings. Older women 

may wear paytawa and high boots, the trousers being tucked into the 

boots. Or they may wear paytawa with mahsi; often galoshes or low 

slippers (kawus) are placed over these. Women also wear kawus with 

ordinary stockings. As a rule, shoes, boots, galoshes, and kawus are not 

worn in rooms which are “furnished.” 

Women wear the hair long, reaching almost to the waist, and parted 

in the middle. It is customary for a married woman to wear two braids 

or occasionally only one. Little girls may wear from three to twenty or 

more small braids. Women secure the plaits by working a piece of 

cotton batting into the ends and then twisting it tightly. 

Young women frequently blacken their eyebrows. They use a brush 

which has been dipped into a substance extracted from a plant (osma) 

or into charcoal obtained by burning the meat of almonds. They also 

apply henna to the palms of the hands and backs of the fingers. Women 
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who can afford it wear jewelry, especially long earrings, necklaces, 

bracelets and rings. 

Most women’s clothing, as well as the shirts and istanlar (pL) of the 

men, are made at home on sewing machines from cloth purchased in 

the market. Clothes are washed in large clay pots with hot water and 

Fig. 2. The traditional paranji or veil. 

soap. The istanlar^ for example, are washed every other day. Clothes 

are pressed with an iron into which hot charcoals have been placed. 

The women carry this back and forth to the kitchen in order to re¬ 

plenish the charcoals, a practice involving considerable patience and 

labor. 
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FAMILIAL ORGANIZATION 

Among the Uzbeks we find an extended family system in 

which kinship is reckoned patrilineally. A typical extended family or 

household consists of a man and his wife, their unmarried children, 

and married sons and their wives and children. In Kabul, as long as the 

father and often the mother are living, the sons bring their wives to 

dwell in the same house. Or if there is insufficient room an attachment 

to the house may be built. At the death of the father and mother typi¬ 

cally each son sets up a new household. (There are a very few instances 

of matrilocal residence [zc k'uyaw']^ but this is deprecated. It may 

occur when the boy’s parents have died or the girl’s father requires the 

assistance of a young man in his work.) 

For convenience of exposition, the familial organization is discussed 

under the following headings: affinal relationships and consanguineal 

relationships; the latter include those between parents and children, 

those between siblings, and those between a child and his parents’ kin. 

As will be observed, religion is a primary force in standardizing the 

relationships among the various kin. The Uzbek kinship system ap¬ 

proximates that in other Middle Eastern cultures (also, cf. Hudson, 

1938). 
Affinal relationships. The interaction patterns between a husband 

and wife, and between a woman and her husband’s kin, as described 

below, refer typically to entrance of the wife into a strange household. 

In the case of a boy marrying his father’s brother’s daughter, the pre¬ 

ferred arrangement, some of the extreme formality usually attendant 

upon these relationships breaks down, for the girl may have grown up 

in the same household with her husband and his relatives. 

A very formal relationship is usually maintained between husband 

and wife. The husband’s position is a dominant one. The wife attempts 

at all times to be agreeable, having been trained for this from child¬ 

hood. The ideal pattern is for both husband and wife to avoid sharp 

words with each other. However, irritations do arise, particularly over 

the training of children and the preparation of meals. 

A woman walks behind her husband on the street, and they do not 

sit together in public, even at meals in the home. Although a man may 

joke with his wife in private, he never does this in public. Furthermore, 

a man does not use his wife’s name before other persons, even his chil¬ 

dren. Nor does he speak of her as “my wife” (xatinim); he says, “the 

mother of Carixan,” if that is the name of their oldest son. If there are 

no sons, the name of a daughter, preferably a younger one, is used. 

(The older a girl becomes the less likely is her name to be mentioned 
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in public.) A woman also avoids mentioning her husband’s name; she 

refers to him as “my husband” (erim)^ or more often “the father of 

Carixan.” When addressing one another in the presence of other peo¬ 

ple, even family members, both husband and wife call each other by 

the name of the oldest son, e.g., simply Carixan. Generally relatives 

and friends refer to the child himself by a shortened form of his name; 

thus, Cari. Girl’s names are likewise shortened—e.g., Matluba becomes 

Matlub, Because of these patterns a son is rarely named after his 

father. If he were, a woman would be obliged to mention her husband’s 

name when she referred to her son. Nor is a girl typically named after 

her mother. These same patterns of teknonymy may be employed by 

other persons when speaking of individuals who are parents. 

As in other Muslim cultures, polygyny, except the sororal type, is 

permitted. However, only a few of the Kabul Uzbeks practice it. It may 

occur if the first wife does not bear children, or if the husband does 

not care for his wife but because of social pressures does not wish to 

divorce her. 

With respect to divorce, as well as to other social practices, the Uz¬ 

beks follow Hanafi religious law. Divorce, although ideally easy 

to achieve, in actual practice rarely occurs and is deprecated. To di¬ 

vorce his wife a man merely has to say talaq, meaning “I divorce thee.” 

It is effective immediately and can not be contested by the wife. If 

talaq has been said and the couple continues to live together, they are 

liable to punishment, although they can remarry each other. A 

stronger type of divorce, uc talaq^ occurs when the husband says “I 

divorce thee” three times in succession. In such an instance the couple 

cannot remarry each other until the woman marries and is divorced 

by someone else. A divorced woman usually returns to her own family. 

Since divorce is so easy, husbands are wary of saying anything that 

might suggest talaq, such as “Go home to your mother.” If a husband 

does make such a statement—even though technically he does not say 

talaq—the couple may go through another, simplified marriage cere¬ 

mony in order to eliminate the uncertainty. 

A wife cannot divorce her husband. However, if he mistreats her 

she may be taken away for a while by her relatives and friends. Some¬ 

times a woman whose husband shows attitudes of dislike toward her 

may visit a doaxan, who writes something on a slip of paper for the 

woman to place under her bed. 

With regard to relationships with in-laws, ideally a man treats his 

father-in-law (qaynata) and mother-in-law (qaynana) in a formal 

manner. A woman usually calls her father-in-law and mother-in-law 
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by the informal terms used by grandchildren in the household. Thus 

the former would be doda and the latter kattaye. Or she may address 

her mother-in-law simply as “mother” (aye). A woman is expected to 

treat her parents-in-law with respect, although strains do arise in her 

relations with her mother-in-law. Ideally a woman is extremely formal 

with a brother of her husband. She does not converse with him at any 

length, and both avoid letting their eyes meet, especially if she is 

younger or about the same age. (If the woman is clearly older, the 

relationship is somewhat more informal.) When addressing her 

brother-in-law she generally does not employ his given name or the 

kinship term for husband’s brother, qaynaya. Usually she calls him 

“father of so-and-so” or perhaps uses a shortened form of his wife’s 

name. (These patterns may be different if a woman has grown up in 

the same household as her husband’s brother.) 

A woman’s relations with her husband’s sister {qaynini or, more 

formally, qaynisini) are less formalized. She calls her by her given 

name, especially if the sister-in-law is of the same age or younger. 

Generally these women cooperate well in the work of the household. 

However, a source of friction is the care of the different children, es¬ 

pecially the boys, who frequently fight with one another. Other strains 

exist between a daughter-in-law and the unmarried daughter because 

the latter is usually favored by the mother. 

Parent-child relationships. The relationships between a father {ata 

or, more informally, ada) and son (oyul) are quite formal. The father 

has little to do with the training of his son until he becomes of school 

age and even then does not play a significant role until the boy is an 

adolescent. This stylized relationship is maintained when the son be¬ 

comes an adult and, as is usually the case, goes to work alongside his 

father. 

A father has even less to do with the formal upbringing of a daugh¬ 

ter (qiz). However, his relationships with her are considerably more 

informal than those with a son. A girl receives more attention and 

affection from her father and can more easily extract favors from him 

than can her brothers. 

The relations of a mother {ana or, more informally, aye) with a 

son are much closer than those between a father and son, even though 

she is the chief disciplinarian when the boy is young. She is generally 

stricter with a daughter; however, at the same time she shows the 

daughter more affection. There is a close bond between mother and 

daughter which increases with time. After a daughter is married, the 

two visit a great deal if at all possible. 
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Sibling relationships. An interesting feature of the Uzbek kinship 

system is the important distinction which is made between an older 

brother (oka) and younger brother (uka)^ and between an older sis¬ 

ter (opa) and younger sister (uka). Younger brothers and sisters are 

relegated to a single category. 

An older brother has distinct authority over a younger brother. This 

pattern continues into adulthood, especially if there is a sharp differ¬ 

ence in age between the two. A somewhat similar pattern of authority 

exists between an older and a younger sister. 

A boy exerts a certain amount of authority over a sister even if she 

is somewhat older than he. And if she is younger, he has the right to 

punish her in certain situations; but he has less authority over her 

than over a younger brother. Moreover, a brother is supposed to show 

respect for his sister and he uses especially formal terms—sirjil or 

sini—when speaking of her to other persons. But at home a boy may 

seek to win an argument with his sister by taunting her with the state¬ 

ment that she is after all only a ‘'guest in the house,” referring to the 

fact that she will leave home after her marriage. 

An adopted sibling, if he or she is fed at the foster mother’s breast, 

is considered a true sibling, and there can be no intermarriage with 

the foster brothers or sisters. If, however, the child is not breast-fed 

by the foster mother, he or she can marry these siblings. 

Relationships between a child and his parents' kin. In general a 

grandfather is called kattata (informally doda) and a grandmother 

kattana (more informally kattaye), Grandparents tend to spoil a 

grandchild (nawara) and to be overly-solicitous with him. When 

children are punished they are likely to go for sympathy to the pater¬ 

nal grandparents, who reside within the same household. However, 

when a grandmother speaks sharply to a child this often carries more 

weight than a reprimand from his own mother. 

An Uzbek, even when adult, maintains very formal relationships 

with his father’s brothers. This is especially true for a boy. One pos¬ 

sible reason for this pattern is that these relatives may one day share 

in the inheritance and division of property. A child calls his father’s 

oldest brother jinata, meaning “little father.” He addresses his father’s 

younger brothers by their given names with the term for older broth¬ 

er, oka, appended—for example, Hasan oka. When he is an adult, 

however, he calls all of his father’s brothers by their given names 

with oka added. When any of these becomes quite old he is addressed 

by the formal' term, amake. The wife of a father’s brother is properly 

called kelin aye. However, inasmuch as she probably lives in the same 
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household with her husband’s brother’s child and took care of him to 

some extent, she would be called by the term for older sister, opa. 

In contrast to the relationship with a father’s brother, that between 

a child and his father’s sister is much more informal. A child may go 

to his father’s sister for advice and sympathy. She is called amma, 

her husband pocca. 

A child’s closest ties are with his mother’s siblings—her brother is 

toy a and her sister xola. Particularly is a mother’s brother looked to for 

aid and sympathy in time of trouble. The close ties between a child and 

a mother’s brother are frequently carried over into adulthood. The 

children of the mother’s siblings are considered more or less as broth¬ 

ers and sisters and it is not considered right to marry one of them, 

even though it is legally possible. 

Additional patterns. Among the Uzbeks certain families acquire 

nicknames. For example, one may be known as ‘Tamels,” possibly 

because some of its members have been tall and awkward. Or another 

family may be referred to as kannay, the name of a very long flute, 

inasmuch as some of its members have had long noses. When friends 

meet a member of such a family they may make pointed allusions to 

the nickname. Thus if a camel were seen, they might say, “There, go 

say hello to your friend.” 

Certain strains between families may develop. These can grow up 

around business transactions or an engagement broken off without 

mutual consent. In such cases the members of a family may rally 

around its leader and a family feud will ensue. Conflicts also arise 

among individuals. Here an effort is made by friends to get the per¬ 

sons involved to make up. They may invite the parties concerned to a 

dinner without letting each know that the other is to attend. At this 

time some of the elders will seek to settle the difficulty. 

LIFE CYCLE 

Children, especially boys, are highly valued. The Uzbeks 

generally understand the process of conception. (A few women who 

desire children may go to a doaxan or visit a shrine in order to achieve 

their wish.) The Uzbeks believe that the gestation period, for both 

boys and girls, is nine moon months and nine days.^ 

2 Until recent years a child’s birth date was generally not recorded. Thus the 

older people even today reckon their age according to a “duodenary cycle.” This 

closely resembles that found in various cultures of eastern Asia. Each year is named 

after an animal—e.g., mouse, sheep, horse, etc. However, for “dragon” the Uzbeks 

have substituted a large fish, niha'n (Cf. Barthold, 1928: 286). A person usually 

knows what animal year he was born in and keeps track of how many cycles he 

has passed through. Thus if he were born during the year of the sheep (regardless of 

what part) he would be thirteen during the next year of the sheep. 
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A mid-wife (dayi), who is an elderly woman, perhaps a member 

of the family, assists at the birth of a child. The father typically dis¬ 

plays nervousness and tries to stay away from home. Young children 

run about to friends and relatives announcing the news, and these 

persons give the children gifts of candies, cookies, or money. Within 

a day or two after the birth of the child, prayers will be said for jt, 

usually by an older man in the family. When a close relative or 

woman friend visits the mother, he or she would bring a gift (usually 

of money), which the mother in turn gives to the dayi, even though 

the latter may already have been compensated for her services—i.e., 

if she is not a member of the family. The father is congratulated on 

the ‘‘new guest” (yarji mihman) in his house; however, little discus¬ 

sion takes place among men concerning childbirth. 

The mother breast-feeds the child for about two years, and if she is 

unable to do this some other Uzbek woman will do it for her. During 

approximately the first forty days, the child sleeps beside its mother. 

A cradle ceremony, biHk tuyi, is held about forty days after the birth 

of the child, although it may occur earlier. More often it is carried 

out for a boy than for a girl. A cradle is especially prepared for the 

ceremony. This is a box-like wooden structure with a flat bottom and 

is set upon two rockers. There is a small railing around the sides (Fig. 

3). A two-piece cloth cover, which can be pulled open or closed, fits 

over the top of the cradle. The child is laid in this cradle on his back 

and is strapped in at the arms and feet with two broad ribbons. A 

small pillow is placed at the back of his head. Inasmuch as the child 

sleeps lying on his back from one to two years, some occipital head 

flattening occurs. When a baby cries, the Uzbeks rock the cradle and 

sing lullabies. 

As for the cradle ceremony itself, quite a few friends and relatives, 

principally women and small children, arrive early in the morning. 

The women guests bring gifts of food and clothing for both mother 

and child. A meal is served at about noon, and afterwards the mother 

sits beside the cradle, holding two loaves of bread. She takes one bite 

out of each and then gives the loaves to a small boy. He runs away 

and the other children give chase, attempting to snatch the bread 

from him. Although gifts are presented to all the children, the one 

who has the loaves in his possession receives a special prize. Various 

kinds of candy and some coins are thrown about the room and chil¬ 

dren scramble for these. 

During this cradle ceremony, the name of the child is formally an¬ 

nounced. The actual selection of a name has been made beforehand. 
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Usually a boy is named by the father, a girl by the mother. It is con¬ 

sidered best not to name the child after a close relative, whether living 

or dead. If the parents cannot decide upon a name, the head of the 

family grandfather or grandmother) will allow the Koran to 

fall open to some page, and whatever boy’s or girl’s name appears on 

that page will be adopted. Or if the first letter on that page happens 

to occur in one of the names the parents had been arguing about, then 

that name may be given the child. The latter method especially is 

thought to bring good fortune. Among the Uzbeks of Kabul most 

names are Arabic rather than Uzbek; this is true for both boys and 
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girls. But some variations may be noted. Occasionally children are 

given Persian names—e.g., they may be named for various days of the 

week, especially Friday; Tuesday, considered an unlucky day, is not 

used. 

Most persons have only a given name; a family name is rarely em¬ 

ployed. A person is referred to as, e.g.^ Carixan (his given name) 

waladi (son of) Fayaz (his father’s given name). Some of the more 

educated Uzbeks may adopt a second name. Furthermore, a few Uz¬ 

beks seem to have “family names” which are identified with the tra¬ 

ditional occupations of their ancestors. 

A young child receives considerable attention, especially from its 

mother and older siblings. An infant is wrapped up a great deal even 

when the weather does not seem to warrant it. It is carried in the arms 

rather than in a special contrivance. However, Uzbeks avoid placing 

both arms directly underneath the child, since a dead child is carried 

in this manner. Instead they place one hand over and one hand under¬ 

neath its body. An older child may be carried on a person’s back with 

his arms around the latter’s neck. The Uzbeks teach children to walk 

by holding them by the hands and singing a song to them as they 

toddle. Or sometimes a light wooden frame with wheels is employed 

to assist the child in walking. 

When a boy is about one or two years of age, a circumcision cere¬ 

mony (oyul tuyi) is held. The first part consists of a feast at about 

noon to which the friends and relatives of the family are invited. 

Shortly thereafter it is the custom for some friends of the family to 

seize the child and hide him from his parents, a pattern known as 

bikitmaq. Frequently this is accomplished with the help of close rela¬ 

tives. The father shows considerable anxiety over the disappearance 

of his son and starts to search for him. He finally promises gifts (usu¬ 

ally of money) as a reward to the abductors for the return of the 

child. 

After the boy is returned the operation is performed. The room is 

crowded with men and boys: no women are present. The boy is set 

upon a stool and held tightly. His arms are placed between and under 

his legs, and an adult standing behind him reaches underneath and 

grasps both of the boy’s hands. He is thus kept immobile. The actual 

operation is performed by a barber who uses a straight-edge razor. 

During this time there is a great deal of shouting and commotion by 

persons in the room who seek to divert the child’s attention. After¬ 

wards different kinds of candy are thrown about the room for the 

small boys to retrieve. 
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In general children are brought up in a strict fashion. Certain ac¬ 

tions are pointed out to a child as being right or good, others as being 

wrong, little attention being given to supplying reasons. Boys have 

considerably more liberty than girls. The former are expected to be 

noisy and boisterous, whereas girls are taught to act passively and to 

display good manners. 

The Uzbeks have a proverb to the effect that if a child is not pun¬ 

ished while he is young it will then be “too late.” The mother is the 

chief disciplinarian for the daughter and for the son while he is small. 

The father’s authority over the son increases as the son grows older. 

Boys may be punished by being struck; girls, however, are treated 

more gently. But both may be threatened with a wolf, a dog, and 

especially a jinn. The Uzbeks believe that a jinn can assume any form 

it desires, but most often it appears as a man or a woman with long 

hair and torn clothes, or, particularly, as a black cat. The alwasti^ 

usually thought to be a woman, is the jinn most people fear. Children 

as old as twelve or thirteen may be afraid of dark places because of 

the jinns which might be lurking there. (It is considered especially 

unlucky to step on a jinn, and children are thought to be more likely 

to do this than adults.) 

Even though the Uzbeks rear their children rather strictly, they do 

show them affection. But this usually takes a restrained form. Kissing, 

hugging, and stroking the child on the head are accepted forms of en¬ 

dearment. However, a father never kisses a daughter on the mouth; 

according to religious belief, such an act would signify that a divorce 

from his wife had thereupon taken place. 

In Kabul, Uzbek boys start going to public school at the age of six 

or seven. (Some girls attend special private schools run by Uzbek 

women; thus among the higher socio-economic groups girls often can 

read a little.) When a boy becomes of school age he is usually re¬ 

quired to attend to minor chores, buying groceries. Later, in his 

early teens, he may go to his father’s place of business to aid in some 

minor capacity and thus acquire training for his future line of work. 

Girls do household tasks, assuming more and more duties as they be¬ 

come older. As boys and girls approach their teens they stop playing 

with one another, and a sharper differentiation occurs in their be¬ 

havior. Girls generally adopt the veil at about twelve or thirteen. 

Through marriage Uzbeks acquire full-fledged adulthood; an un¬ 

married adult is viewed with disfavor. Typically marriage takes place 

when a girl is between eighteen and nineteen and a boy between 

twenty and twenty-five. In a very few instances the “engagement” 
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of children has occurred, although it presents difficulties. Thus if a 

man has a son about two years of age and a close friend of his has a 

newborn daughter, the two friends may make an agreement that 

these children will marry one another; this is considered to be bind¬ 

ing upon both parties. 

Engagements usually occur much later in life. The preferred type 

of marriage is with a relative, especially with a father’s brother’s 

daughter, who most often comes from the same household as the boy. 

The following description of the engagement procedure is most appli¬ 

cable to situations in which the parents have to obtain a wife for their 

son from outside the household. The boy’s father is usually the one 

who brings up the question of finding a girl. However, it is the most 

respected woman of the family—often the paternal grandmother— 

who actually “looks around” for an eligible girl. Of primary impor¬ 

tance is the social position of the girl’s family. Next are her personal¬ 

ity and behavior: she should be agreeable. After that her appearance 

is considered. Among the highly valued physical traits are dark hair, 

dark eyes, a round face, thin lips, and a long, narrow nose. If the 

grandmother has some particular girl in mind, she will ask a friend 

of the girl’s family whether the parents might be interested in allow¬ 

ing their daughter to marry her grandson. The friend would then 

through indirect questioning seek to ascertain the attitude of the girl’s 

parents. 

If the girl’s parents appear to be favorably disposed, the grand¬ 

mother will go with four or five women friends to visit the girl’s 

mother, who has discussed the matter with her husband. The women 

take with them gifts of clothing, food, and candies. If the girl’s mother 

accepts the gifts, the women then discuss the possibility of engage¬ 

ment, although both sides have more or less come to tacit agreement 

on the matter. If everything works out favorably, they pick a day for 

the special engagement party, usually some “lucky” day—e.g., Fri¬ 

day, New Year’s Day, or special religious days, particularly the twen¬ 

ty-seventh day of Ramazan. These are also popular days for mar¬ 

riages. On the other hand Tuesday and the month of Safar are avoided. 

The engagement is formally announced at the special engagement 

party, which is paid for by the boy’s father. A large group of friends 

and relatives gather, the men in one room and the women in another. 

During the party each guest is presented with a silk handkerchief 

about sixteen inches square which contains home-made candies indi¬ 

vidually wrapped in paper. These are brought in on large trays. At 

the engagement party the male relatives of the boy and girl discuss 
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the dowry {qalin puli, meaning “carpet expense”). Nowadays car¬ 

pets are rarely passed; the dowry takes the form of money. Consider¬ 

able bargaining may occur over this—the girl’s father asking for as 

much as he believes he can obtain. However, the two families usually 

come to an agreement, for matters have progressed to the point that 

consensus becomes essential; otherwise, considerable embarrassment 

would occur. (When marriage occurs between two members of the 

same household the role of the dowry may be greatly minimized.) 

The girl’s parents use the dowry to cover the few expenses of their 

daughter’s wedding and keep the rest of it for themselves. For her 

daughter, the mother usually has accumulated clothing, jewelry, etc., 

as a kind of “hope chest.” 

The time period between the engagement and the actual wedding 

may vary from a few days to a few years. The wedding is usually 

held in the boy’s house, although it may take place elsewhere if more 

space is required. During the evening of the day preceding the mar¬ 

riage ceremony the girl invites all of her women friends and relatives 

to a party at which they eat, sing, and dance. The guests bring special 

foods, such as meat pies, somsa and waraqi, on platters, each platter 

being wrapped in tinfoil or wax paper and then folded in a cloth. The 

next morning there may be a party for the boy’s friends, although 

this is not essential. At any rate the boy stays with his friends apart 

from all the proceedings until late in the afternoon. 

At noon a large informal party is held in the boy’s home for the 

friends and relatives of the two families. People keep arriving and 

leaving in small groups. A great deal of food is served, pilaw being 

the main dish. At this party the men do the cooking outside in the in¬ 

terior court. They carry some of the food to the room where the 

women are, and also serve the male guests. 

At about four or five o’clock in the afternoon a municipal official 

and also a mullah come to the house where the party is being held. 

The boy is brought to them by his close friends. The mullah asks the 

boy before the latter’s two witnesses whether he is willing to take this 

girl for his wife. The girl sits behind a curtain, usually in another 

room of the house. She also has two representatives, close friends or 

relatives of her family. At the instruction of the mullah they go and 

ask her through the curtain whether she is willing to take this boy as 

her husband. The marriage contract is then signed by the official, the 

mullah, the four witnesses, and the fathers of the boy and girl. The 

marriage is now official. In conclusion a short prayer is said by the 

mullah to wish the couple well. 
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Later in the evening the boy meets with his friends at his home. 

There is a banquet with music, dancing, and games. But during these 

festivities he sits on some quilts in a corner of the room, silent and 

unsmiling. The dancing is done by individual men; when one finishes 

another takes over. If a particular boy is known to be especially in 

need of money, some friends may approach him while he is dancing 

and hand him some paper money, which he places under his toppi. 

Sometimes a boy who is dancing will pick on an especially bashful 

person and force him to dance, much to the delight of the onlookers. 

Several games are typically played during this party. Two are 

passa wazir and qawaq qaivaq (described below). But the following 

is peculiar to this ceremony. Two boys try to imitate some small birds 

which Uzbeks often train to fight. In doing this they sit cross-legged 

on the floor and make quick, sharp jabs at each other with their hands. 

Finally certain individuals entertain others by impersonating promi¬ 

nent individuals. 

Later in the evening the boy’s friends bring new clothes for him to 

put on, gifts from his and the girl’s parents. These usually include a 

colorful ton and a turban. For some young men this may be the first 

occasion for wearing the latter. Next, about a dozen of the boy’s 

friends escort him to the girl, who is usually in another part of the 

house, singing special songs as they go. When the boy arrives he is 

blocked at the door by two of his friends, who demand gifts (usually 

money) before they permit him to enter. In this room there is a large 

group of women who have been bating, singing, and dancing. When 

the boy enters, his mother, sister, and perhaps grandmother escort 

him to a corner of the room where the girl is waiting behind a cur¬ 

tain, seated upon two or three quilts. As the boy is presented to the 

girl, the women tease him and sing special songs. (Occasionally a mir¬ 

ror may be brought and held in front of the couple for a moment so 

that they can see each other’s faces for the first time in the mirror.) 

Often this room is to be their future abode. However, many of the 

women, along with their children, stay in the room with the couple 

during the night, extra bedding being provided by the boy’s father. 

(It is customary for the Kabul Uzbeks to stay overnight at homes 

where ceremonies are being held.) 

The next day the girl dons a face veil and goes to greet her hus¬ 

band’s parents. She may repeat this every morning for a week. A 

few days after the wedding the girl’s parents invite the newlyweds 

to a simple party at which they present them with gifts. This com¬ 

pletes the marriage process. 
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The aforementioned marriage patterns are the most typical, but 

deviations do occur. For example, if a couple are to marry on the 

twenty-seventh day of Ramazan, the formal contract will be signed 

on that day; but the festivities will be postponed until after the end 

of the month. And the marriage process (as well as that of engage¬ 

ment) for a person who has been widowed or divorced, or for a man 

taking another wife, is much simpler. 

After marriage a woman’s status is greatly dependent upon her 

bearing children, especially sons. So, too, a man’s prestige is corre¬ 

lated with the perpetuation of his lineage. Parents look forward to 

their children carrying on the traditional way of life and caring for 

them in their old age. As a person grows older he becomes more highly 

respected and is thought to acquire wisdom. Although no sharp age 

grading is apparent among the Uzbeks, those persons who are over 

sixty-three, the age at which Muhammad is believed to have died, are 

felt to be in a special category. 

The Uzbeks believe that everyone has his «/«/, or predetermined 

time of death. If a person suffers a great deal before he dies, he is 

thought to have lived a sinful life; conversely, if he dies quickly and 

without much suffering this suggests that he has lived righteously. 

After death the soul is believed to ascend to “heaven” or descend to 

“hell” or possibly to a waiting place in between, depending upon the 

manner in which a person has lived. (If a man makes a special last 

request before dying, this is generally strictly followed.) 

When a death occurs among the Uzbeks a xabarce^ relates the news 

throughout the Uzbek community and announces the time for the 

funeral ceremony. As soon as they hear the news, close relatives go to 

the home of the deceased. Here the men and women meet in separate 

rooms, the body being in the room where the women are gathered. 

Men who go to “view” the body must be close relatives of the women 

present. The women display a great deal of emotion, crying loudly and 

a few tearing at their hair and clothing; men display less emotion, al¬ 

though they weep briefly when they first receive news of the death. 

Special men or women come to the home to wash the body. Then 

they wrap the individual in a kafan, a large piece of seamless white 

cloth which completely covers the body. (Some old people actually 

have their kafan ready before they die.) Relatives stay at the home of 

the deceased until the body is taken to the mosque. If a person dies 

3 A xabarce is a special Uzbek functionary who delivers invitations and relates 

certain items of news concerning other Uzbeks. A female xabarce acts as a messenger 

for the women. 
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during the night, the funeral is held the next morning; if he dies in the 

morning, it is held in the afternoon. 

At the mosque special prayers are said while the male relatives and 

friends remain standing. No women are present, but they hold a service 

of their own at home. After the service at the mosque, the body is taken 

to the graveyard on a cot (kalawat) consisting of a frame across which 

ropes have been stretched. Four men carry it on their shoulders; then 

it is shifted to four other men. Even passersby lend a helping hand, for 

the performance of this task is considered to be a highly desirable act. 

Once at the graveyard a close friend relates briefly the story of the 

person’s life and his or her contributions to family and society. And a 

short prayer is said. Next the body, wrapped in the kafan^ is lowered 

into the grave. (No coffin is employed by the Uzbeks of Kabul, al¬ 

though some use this in Andkhui.) The person is placed on his back 

usually with his face up, although it may be turned to one side, toward 

Mecca. The grave has been dug a little larger than the body by special 

men at the cemetery. Two or three feet above the bottom of the grave 

an indentation is made so that the grave becomes wider at the top. 

Upon this shelf are laid thin slabs of stone which serve to keep dirt 

from touching the body. The cracks between the slabs are sealed with 

mud. Earth is then placed on top to a depth of about one foot, the 

whole grave being about four feet deep. A rounded mound of earth, 

generally rectangular in plan and rising in an arc, is piled on top of 

the grave—the whole being topped by a large stone or a rectangular 

block of clay. The name of the deceased is not recorded on the grave, 

for Arabic writing is considered sacred by the Kabul Uzbeks: if it 

were on the grave it might become damaged by the elements. 

For three days after burial, recitations from the Koran are held by 

the deceased’s family. For this purpose they reserve a section of the 

mosque and decorate it with rugs and other furnishings. Religious men 

who have memorized the Koran may be employed to do the reciting. 

The pattern is for two men to alternate, each going through two com¬ 

plete recitals. Men generally keep arriving in small groups, staying 

through two services. The women hold their services at home. Friends 

and relatives of the deceased come together and cry loudly as an ex¬ 

pression of their grief. Then one woman begins reciting from the Koran 

while the others listen, until such time as another woman arrives. 

Then they start crying again. 

The aforementioned funeral patterns are much the same for a small 

child except that the recitations are briefer and are held at home in- 
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stead of in the mosque. A still-born child is washed and buried without 

any ceremony. 

Some Uzbeks burn a candle for forty days, especially at night, for 

the deceased. And during this period the closest female relatives dress 

in dark colors. On the fortieth day after the death the family will, if 

financially able, hold a large feast for the poor. The xabarce announces 

the banquet to various poor persons and then informs the family as to 

the expected number who will attend. Pilaw with qawrma is the princi¬ 

pal dish served. 

During the first year after death a special room may be prepared on 

certain religious days. Here prayers are said for the deceased. On the 

anniversary of the person’s death another feast may be held for the 

poor. And during a period of several years a close friend or relative 

who visits the deceased’s family for the first time after the death is 

morally obligated to read some verses from the Koran and say certain 

prayers. 

RELIGION 

As already indicated, religion cannot be isolated from most 

aspects of Uzbek life. But for purposes of exposition we shall discuss 

briefly some of the more formal tenets of their religion. The Kabul 

Uzbeks are members of the Sunni sect of Islam, following Hanafi law. 

Like other Muslims they adhere to the principal tenets of Islam—the 

profession of faith, prayer, the giving of alms, pilgrimage, and fasting 

during the month of Ramazan. The profession of faith is to the effect 

that there is no god but Allah and Muhammad is his prophet. Older 

Uzbeks in particular, when reciting this (as well as when saying vari¬ 

ous prayers), may use a tashi^ which is a string of 33, 101, or 1000 

“beads.” These are small, rounded pieces of wood or mineral sub¬ 

stances—mother of pearl—which often come from religious cen¬ 

ters in Saudi Arabia. Some Uzbeks use their fingers instead. They 

touch the thumb three times to each finger—once upon each segment 

—and then apply the index finger to the thumb upon each of its seg¬ 

ments. This is done for both hands. 

All Muslims are expected to pray at least five times a day. In the 

cities a muezzin calls from the top of a minaret, announcing the various 

times of prayer. The first of these is before sunrise, the second at noon 

(but can be made later in the afternoon), and the others just before 

sunset, soon after sunset, and before retiring for the night. 

To prepare themselves for prayer the Uzbeks, like other Muslims, 

go through a ceremonial ablution {taharat or wuzu). Somewhat simpli- 
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fied this consists of washing the hands, rinsing out the mouth and nose, 

washing the face, the arms up to the elbows, and lastly the feet. If 

one is wearing boots or mahsi^ he does not remove them but touches the 

tops of these with water. This ablution is effective for twenty-four 

hours or until such time as it is broken by certain '‘unclean” practices. 

If water is not available, a process called tayammum can be followed: 

this consists of wiping the face and hands with “pure” earth. 

Although there is no set pattern, children begin participating in 

prayers by the time of puberty. Only men go to the mosque to pray, 

and this is considered obligatory for the mid-day prayer on Friday. 

Otherwise they may pray in other places, at home, in the shop, etc. 

Women always pray in the home, except when at Mecca. The number 

of units of prayer (rakaat) performed varies with the different prayers 

(for technical information on this as well as the positions of prayer, 

the reader is referred to general studies on Islam). It may be noted 

here that the positions assumed by women when they pray are slightly 

different from those of men. However, both utilize a special rectangu¬ 

lar rug (or cloth), Jaynamaz. Some have special designs, the most com¬ 

mon consisting of two converging arcs. The rug is placed in such a 

manner that these arcs point in the direction of Mecca. These rugs are 

supposed to be kept clean: one way to “cleanse” a rug is to sell it or 

trade it to someone else. 

The giving of alms is also required by Islam. In giving, an Uzbek is 

expected to provide first for his own needy relatives and friends and 

then for others. This is expressed by an Uzbek proverb: awal xes axir 

darwes (“First to needy relatives, then to other poor people”). Uzbeks 

are expected to give two and a half per cent of their “surplus” funds— 

that is, funds they do not strictly need. Called zakat, this may take the 

form of money or various kinds of property. It is distinct from 

“charity.” When one gives zakat he must inform the recipient that it is 

such. In this case the recipient is morally obligated to accept it and 

should feel no embarrassment. Needy persons may go to various homes, 

or the donors themselves carry zakat about. It should, however, be di¬ 

vided among a number of persons. Zakat is customarily distributed 

once a year toward the end of the month of Ramazan. 

Pilgrimage to Mecca is required of those who are financially able. 

Thus there are Uzbeks living in Kabul, both men and women, who 

have journeyed to Mecca. A few Uzbeks also visit Mazar-i-Sharif, 

Afghanistan, where certain of their traditions hold that Ali, son-in-law 

of Muhammad, is buried. 

Fasting during the month of Ramazan is considered mandatory. 
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This month, reckoned by the moon calendar, occurs at a different time 

each solar year. Although most persons know approximately when 

Ramazan will begin, they may be somewhat uncertain as to the exact 

day. Thus at the first appearance of the new moon a number of salvos 

are shot from a cannon and these are heard throughout the city. Next, 

drums are played in various parts of Kabul to remind people to prepare 

for the large feast prior to the beginning of fasting. This meal is eaten 

between approximately one and four o’clock in the morning. The can¬ 

non is again heard just before sunrise, signaling the start of fasting. 

During the rest of the month the Kabul Uzbeks fast between sun¬ 

rise and sunset. Certain groups are exempted: e.g., children, the very 

aged, the sick, and travelers who are a certain distance from home 

(although the latter are expected to make up the fasting at a later 

time). A person begins to fast between the ages of thirteen and nine¬ 

teen. During Ramazan the Uzbeks are supposed to abstain completely 

from, among other things, drinking water, eating, and smoking during 

the day. Thus there is a tendency to do as little work as possible in the 

daytime, women, for example, doing much of their housework at night. 

A cannon is shot every day just before sunrise to signal the beginning 

of fasting and just after sunset to signal its end. As it is fired at sunset 

people are already prepared to eat, often having a cup of tea in their 

hands. And drums are played every night for fifteen or twenty minutes 

to remind people to prepare to eat the large meal just before sunrise. 

A major festival is held during the three days immediately following 

the month of Ramazan. During the morning of the first day, before the 

men go to the mosque for prayer, they gather together some money, 

an equal amount for every individual in the family including unborn 

children. Called fitr^ these alms are taken and distributed among the 

poor. When the men return from the mosque the members of the 

family, all attired in new clothes, congratulate one another with hay- 

itirjiz mobarak. Next the children receive gifts, usually money. During 

the rest of the day a great deal of visiting takes place among Uzbek 

families. Usually each family has especially prepared two reception 

rooms, one for the men and the other for the women, in which are 

long, low tables covered with candies and cookies. During the next two 

days, the same visiting patterns are repeated. Usually some of the men 

in the family will visit while others remain at home, then they ex¬ 

change roles. (If a death has occurred in the household during the 

preceding year, people will also come during these three days to say 

prayers in the aforementioned rooms. And special dishes, particularly 



102 THE TEXAS JOURNAL OF SCIENCE 

halwa tolqan, a sweetened cereal, are served in addition to the usual 

foods.) 

The five basic tenets of Islam have been noted in their relation to 

Uzbek culture. Certain other religious ceremonies will now be dis¬ 

cussed. Two months and ten days (according to the moon calendar) 

after the end of Ramazan, a three-day religious ceremony is observed. 

This is qorban hayiti, which commemorates Abraham’s sacrifice of his 

son. On the first day the men go to the mosque for special prayers. 

When they return home the sacrificial animal (or animals) is killed. 

One ram, the preferred animal, is sacrificed for every mature person in 

the family, or occasionally one cow for every seven persons. The ani¬ 

mal is killed at home, either by members of the family or by an Uzbek 

butcher. Those family members (^.g., women) who do not witness the 

actual sacrifice will designate someone to be their representative at this 

time. The meat is distributed among the poor by the children of the 

family. Some of it may be set aside to be made into various dishes, es¬ 

pecially kawab, friends or poor persons being invited into the home to 

partake of these. 

During the first day of qorban hayiti the Uzbeks try to wear new 

clothing, and the children receive gifts, usually of money. Again there 

are long, low tables with candies and cookies in specially prepared re¬ 

ception rooms. On this, as on the succeeding two days, extensive visit¬ 

ing occurs. 

A few months later the commemoration of the birth and death of 

Muhammad (mawlut) is held. This is a quiet ceremony lasting one 

day. In a few Uzbek homes there is a special dinner at noon for a large 

group of people. During the afternoon special prayers are recited by 

some of the elders; separate services are held for men and for women. 

OTHER CEREMONIES AND RECREATIONAL ACTIVITIES 

Certain ceremonies are not especially integrated with the 

religious system. New Year’s Day, yar^i yil kuni, calls for a simple cele¬ 

bration. It is supposed to be held on the first day of spring and is a holi¬ 

day from work. Everyone tries to wear new clothes. The night before, 

the Uzbeks prepare a special beverage of raisins, almonds, dried apri¬ 

cots, and pistachio nuts, all of which have been soaked in water. This 

is drunk early on New Year’s morning. Later in the day a great deal 

of visiting takes place, and it is customary for Uzbeks to greet each 

other with yaiji yilirjiz mobarak, meaning “a prosperous New Year.” 

Some people say special prayers on this day. 

Usually near the beginning of spring there is a celebration for the 
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women. Upon this occasion a special dish, sumalak, is cooked, some 

years by some families, other years by others. Preparations start a few 

weeks prior to the ceremony. First, soaked grains of wheat are spread 

about a half-inch deep on a large, low table. The women in the house¬ 

hold sprinkle water on this for a few weeks, until the wheat grows 

to a height of about five inches. Then a large number of women are 

invited to celebrate the making of sumalak. The women grind all of 

this up in large stone mortars, using wooden pestles. They take the 

juice from this, add some water, flour, sugar, and walnuts and boil the 

whole thing slowly in a yurt qazan in the courtyard. Small children 

are sent to the river to get smooth pebbles; these are washed and also 

put into the mixture. The sumalak is boiled for many hours—until 

two or three o’clock in the morning^ During this time there is always 

one woman constantly stirring it. The other women pass the night 

dancing and playing the cirmanda and sometimes the dutar. After the 

sumalak is cooked they extinguish the fire and cover the kettle. It is 

left until eight or nine o’clock in the morning. At that time children 

take portions of the sumalak to various friends. This dish, which has 

the color and consistency of apple butter, is eaten cold with a spoon. 

At the beginning of winter, at the first sign of snow, there is addi¬ 

tional ceremonial activity. Anyone, but especially young boys, may 

write a request on a piece of paper for something special, usually a 

feast. One may even specify the kind of food desired and the number of 

people who should be invited. A person may, for example, go to the 

home of a friend or relative and leave a note where the latter can see 

it. In order not to be apprehended, he may resort to ruse, such as plac¬ 

ing the note in a book, under a cake, or glued under a platter which 

had been borrowed and is being returned. (Girls write their requests 

in the form of a poem, and usually their brothers deliver these for 

them. Even older men leave notes in one another’s shops.) 

If a person is caught delivering one of these ‘"messages,” he may be 

subjected to certain indignities, such as having his face painted black 

with charcoal and being set backwards on a horse or donkey and led 

home through the streets. Young boys who are bashful or cry easily are 

most likely to be treated in this manner. 

Recreational activities. A number of recreational activities are not 

connected with any particular ceremony. Young children play a game 

like “hopscotch” in which lines are marked on the ground. Each par¬ 

ticipant stands on one foot and with this foot moves a round stone 

from box to box. Elaborate rules govern such aspects of the game as 

reserving boxes. Young children also jump rope, play “hide and seek,” 
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and entertain each other with guessing games and riddles. Small girls 

play “house” or amuse themselves with dolls made of stuffed cloth. 

They also play with a rubber ball, bouncing it once, turning com¬ 

pletely around as quickly as possible, and bouncing it again. 

Girls (or sometimes boys and girls) play a game in which they sit 

in a circle, all looking towards the center. One girl who has a dorra, 

a large handkerchief twisted into a whip, goes around the circle on 

the outside, silently drops this in back of someone, and continues walk¬ 

ing around the circle until she comes behind that person again. In the 

meantime, if the seated girl realizes she has been chosen, she picks up 

the dorra and, chasing the first player once around the circle, hits her 

with it. She then drops it behind someone else. But if she is not aware 

that the dorra is behind her, she is chased once around the circle and 

hit constantly by the first player. The latter then goes on to drop the 

dorra again. 

Young boys engage in wrestling. The two antagonists wear a loose 

sash (usually a turban cloth) around the waist. In one hold each boy 

leans over and grasps the back of the other’s sash and attempts to 

throw him to the ground. The looseness of the sash makes this difficult. 

(Many of the Uzbek wrestling holds are represented by chessmen 

used by one Mongol group. See Montell, 1939.) 

One popular game among Uzbek boys is played by laying a stick 

about six inches long across a hole dug in the ground that has dimen¬ 

sions of approximately four by eight inches. By means of a longer stick, 

the stick lying across the hole is flipped into the air and struck. An¬ 

other player retrieves it and throws it back by hand. If it falls near the 

hole within a radius equal to the length of the batting stick, he wins a 

point; if he throws it so that it lies lengthwise in the hole, he wins five 

points. If he fails in either attempt, the first player has three opportuni¬ 

ties to hit the end of the short stick with the longer one. The short stick 

is hit in such a manner that it flips into the air and then is struck by 

the longer stick as far from the hole as possible. Then its total dis¬ 

tance from the hole is measured. One point is given for each unit of 

distance equal to ten lengths of the longer stick. If at any time the 

second player catches the short stick while in flight, he gains five 

points. Various other minor rules govern the game. 

Older boys play a kind of baseball game. Boys also like to fly kites. 

The kite is made from a rectangular piece of paper which has a strip 

of bamboo pasted along each edge, one horizontally across the middle, 

and two diagonally across the surface. The kite is bent by means of 

three strings so that it becomes convex on one side. This side is held 
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toward the individual when it is flown. Two small flags and a tail may 

be attached, and a piece of paper glued to one of the strings vibrates 

with a roaring noise when the kite is in the air. (In Andkhui the Uz¬ 

beks tie lanterns to kites when these are used at night.) 

Young men in Kabul play a number of interesting games. In one, 

qawaq qaivaq, meaning “squash squash,” people sit around a room 

with one individual in the center. The latter moves his hands in cer¬ 

tain ways or does acrobatics, saying with each act, ''qawaq qawaqT 

Everybody is supposed to imitate him quickly and accurately. If one 

fails to do so, he is hit on the back with a dorra by a person who acts 

as a watchman. Another game is passa wazir (“king and vizir”). 

Here a small match box or a roughly rectangular-shaped bone, anq^ 

from the knee of a sheep, deer, or other animal is employed. Each of 

the six sides of the bone is given a name—e.g., one long side is called 

“king,” another “vizir,” another “soli” (a devoutly religious person), 

another “thief.” One of the smaller ends, which is concave, is called 

“seven kings,” and the other, flattened end is called “seven vizirs.” 

A number of persons sit around a room. One throws the aUq, and if it 

comes up “king,” he remains a king until someone else throws the 

same. As king he gives orders to the person who throws a “vizir”; 

the latter is usually expected to punish the one who throws a “thief.” 

The “sofi” is exempt from any activity. If a person gets “seven kings” 

or “seven vizirs,” he holds this position until someone else throws 

“seven vizirs” or “seven kings” or until seven people throw one 

“vizir” or one “king.” (If the king forgets and orders the vizir to hit 

the thief an even number of times, the king is hit by the vizir.) 

Young men and adults also play card games. One, especially, is 

worth noting. Each person is dealt a card. These are then collected, 

shuffled, and laid in a row, face down. The leader points to the first 

card, and the group decides what the holder of that card is supposed 

to perform—usually it is something difficult and embarrassing. When 

the last two cards are reached, the decision is made on both at the 

same time. Thus each individual has a hand in deciding his own 

“penalty.” Chess is even more popular than cards among Uzbek men 

in Kabul. Gambling with the aHq occurs, and one or more may be 

used like dice. 

A somewhat different type of recreational activity among Uzbek 

men is the telling of jokes when they get together in a group. These 

jokes are usually very subtle, and not everyone present will appre¬ 

ciate them. Even so, one is supposed to laugh anyway. The senior 

author was told that in Tashkent there were persons called askiyalar 
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(pL), who were quick at repartee and at making spontaneous jokes 

and puns on a variety of subjects. At times contests were held among 

teams of askiyalar. Some topic would be selected and each would seek 

to outdo the other. Apparently these askiyalar played an important 

role at marriage ceremonies and other large gatherings. In Kabul 

there are several Uzbeks who imitate these individuals. 

Among adult women the most popular pastime is visiting. (And it 

is the custom when visiting to take gifts of food.) As noted previously, 

women dance and play various musical instruments. 

Music is popular among both men and women in Kabul; usually at 

least one person in each family can play a musical instrument. Young 

people, especially, get together with friends and play music, boys with 

boys and girls with girls. A discussion of the more common musical 

instruments follows. Usually these instruments are made by Uzbek 

craftsmen in northern Afghanistan. 

Among the Kabul Uzbeks the most popular instruments for use in 

ceremonies are the dutar and cirmanda. Others, not necessarily played 

at ceremonies, include the tambur^ dombora^ rubab, yijjak^ nay, qos- 

nay, surnay, and car]. Among Uzbeks in northern Afghanistan the 

kannay also appears. 

The dutar (Fig. 4) is a two-stringed instrument which is plucked 

with the fingers of the right hand, no plectrum being used. The 

strings are of silk or of catgut obtained generally from sheep. The 

bowl of the instrument, which acts as the resonator, is made from a 

number of ribs of thin board glued tightly together. The Uzbeks at¬ 

tempt to use wood which will vibrate easily. Across the top of this 

bowl is laid a thin board of the same material. A long, narrow handle 

containing a number of frets serves as a finger board for regulating 

the tone. 

The tambur resembles the dutar, but it has a smaller bowl (some¬ 

times carved out of wood) and a shorter and thicker handle. It has 

three strings instead of two. For the strings steel or brass wire may 

be used instead of silk or catgut. These are plucked with a plectrum, 

an open-work thimble-like object fashioned from several pieces of 

wire. The plectrum is worn on the right index finger. The dombora 

is quite similar to the dutar, but it lacks frets and usually the bowl of 

the instrument is carved from a block of wood. The rubab (rarely 

used by the Uzbeks in Kabul) is made from a wooden bowl across 

which an animal hide has been stretched. Its strings, usually of cat¬ 

gut, are plucked with a flat piece of wood or with the fingers. 

Another stringed instrument, one which however is bowed, is the 
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yifjak. This is made from a large gourd, the top of which has been 

sliced off. Or a metal container may be employed instead. Over the 

opening is stretched a dried sheepskin. The yifjak has a wooden handle 

and three strings. 

Fig. 4. Uzbek dutar, the most popular musical instrument. 

The Uzbeks also utilize a number of wood-wind instruments. One, 

the nay, is a flute about one and a half feet long. Usually it is of brass, 

although it may be of wood. It has eight small holes, across which 

the fingers move to regulate the tone, and a larger hole for the mouth. 

The qosnay is an instrument of brass or wood consisting of two tubes 

connected to form a V.'-It has a low, wavering, mournful sound. This 

is rarely used in Kabul. 
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The surnay is a somewhat cone-shaped instrument resembling the 

oboe. Made of wood or copper, it has a number of holes along its 

length, which is between two and a half and three feet. The kannay 

is a wood-wind instrument of copper with a bass tone. It is extremely 

long, at times over ten feet. Although not used in Kabul, it is employed 

by Uzbeks in northern Afghanistan at marriage ceremonies, wrestling 

matches, and other games. 

The cirmanda, a drum resembling a tambourine, is made by bend¬ 

ing into a ring a strip of wood three or four inches wide and then 

stretching a skin tightly over one side of this. This drum may be of 

varying diameters; some are as large as three feet. The larger ones 

have small circular metal foils attached all the way around the inner 

edge of the wooden ring. The cirmanda is held in both hands with the 

uncovered side toward the player. It is tapped on the outer edges with 

the four fingers of both hands. Some have a loop of string attached 

to one side—if the player inserts his thumb in this he can reach 

farther toward the center of the drum with the tips of the fingers and 

thus can achieve a slightly different tone. This drum is especially 

employed as an accompaniment to dancing. A very popular instru¬ 

ment among girls and women is the ca-t]^ a kind of Jew’s harp. 

As an addendum to this discussion of recreational activities we will 

discuss a number of Uzbek sports which, although not participated in 

by the Uzbeks of Kabul, have been witnessed by the senior author in 

northern Afghanistan cities. These sports consist of horse racing, 

cockfights, and camel fights. In the latter, two camels are trained to 

cross their necks and one of their forelegs. By the application of pres¬ 

sure one of the camels may injure or perhaps break the foreleg of the 

other. Important too is the “goat game,” ulaq, a very fast and danger¬ 

ous sport played at times by several hundred men on horseback. A 

rider from one team attempts to carry a goat over a broad area to a 

goal before horsemen from other teams seize the animal from him. 

Throughout much of the Uzbek area another sport, darwazlik^ is 

popular. In one form, an end of a rope is tied to the top of a very high 

post (something like two or three stories in height), the other being 

attached to a post near the ground. A darwaz^ usually attired in red 

clothing, ascends this tight rope without the aid of a balancing pole 

to a small swing near the top. On this he performs acrobatic tricks 

such as hanging from the swing by his feet. In other instances the 

rope may be stretched horizontally. A “kettle” with a notch in the 

bottom is set upon the rope, and the darwaz places his feet inside this 

container so that one foot is on each side of the rope. Holding a bal- 
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ancing pole in his hands he moves slowly along the rope with little 

jumps. These tricks are sometimes performed in Kabul by traveling 

Uzbeks. 

MEDICINAL PRACTICES AND OTHER BELIEFS 

This discussion of medicinal practices has reference to tra¬ 

ditional beliefs. These have undergone considerable change and are 

today adhered to by few Uzbeks in Kabul. Fate and jinns have in the 

past been considered the principal causes of most illnesses. When ill¬ 

ness strikes^ one is supposed to accept it stoically. An individual is 

considered emotionally “light” if he cannot endure it easily; emo¬ 

tionally “heavy” persons are highly regarded. 

As in other parts of Central Asia, certain diseases are treated with 

“hot” foods, others with “cold.” If an individual has a fever, espe¬ 

cially that of malaria, he is given “cold” foods—e.g.^ green tea, yogurt, 

citrus fruits, carrots, and most other vegetables; for certain other dis¬ 

eases the Uzbeks administer “hot” foods, such as black tea, chocolate 

and other “sweets,” grapes, and fried meat. Foods considered ex¬ 

tremely “hot” are chicken, horsemeat, nuts, and sun-dried foods— 

raisins. “Neutral” foods, wheat bread, rice, butter, milk, etc., are em¬ 

ployed in a variety of ailments. 

Different kinds of fever are placed in a single category, isitma. The 

patient is fed yawyan xordi, a rice soup to which yogurt is added. Or 

he might be given an especially “cold” food, sokaH. This is prepared 

by boiling in milk some millet from which the skin has been removed. 

Fevers may also be treated with cold water or ice or with such purga¬ 

tives as castor oil and that made by boiling the leaves of sana (evi¬ 

dently senna). 

Ordinary colds, tumaw, are distinguished from severe chest colds, 

zatilfam. The Kabul Uzbeks may treat a cold by taking hot drinks to 

help them perspire. Or they may visit public steam baths. People with 

colds avoid such foods as grapes and melons and abstain from drink¬ 

ing cold water. Severe coughing, kokyutal, is supposed to be helped if 

one sucks on hard candies. Stomach disorders, yurak ayruq^ are usu¬ 

ally treated with purgatives. 

Eye disorders are termed koz ayruq. For red itching, burning eyes 

some persons dissolve a crimson dye, qirmiz, in water and wash out 

the eyes with this. Some believe that a sty will disappear if one gets 

up early in the morning and “greets” a mountain with salam. 

Cuts and boils come under the category, yara. Some Uzbeks treat 

a boil by applying heat until it breaks open and then placing over it 
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saqic, a kind of chewing gum. This keeps the boil open and allows it 

to drain. Instead of saqic a few persons use ziyir marham^ a paste 

made by boiling a grain, ziyir. To treat a cut the Uzbeks first wash 

it with cold water and then apply some ground sugar or possibly the 

ashes of burnt cotton or paper. Burns fall into another category. These 

are treated with a paste made of yeasted wheat dough diluted in some 

water. This has a cooling effect. For a nosebleed they rinse out the 

nose with cold water or pour cold water over the,patient’s head. If the 

bleeding continues, some Uzbeks fold a handkerchief with coins inside 

and tie this tightly about the head with the coins resting on the fore¬ 

head. 

For bruises and sprains a few persons may soak a cloth in a small 

child’s urine and rub it on the affected area. Sprains may also be 

treated by massage. If one is suffering from leg cramps, he may lie 

face down on the floor while a small child walks upon the legs. A stiff 

neck is thought to be relieved if one follows a well-dressed individual 

and bows and “greets” him without letting him know this is being 

done. Rheumatism is treated by keeping the affected part warm and 

also immersing it in hot salt water. 

To treat a wart, some Uzbeks tie a horsehair around it or go and 

throw some salt in a well. Hiccups are thought to be helped if one 

drinks cold water. Frostbite is relieved by the application of heat and 

by rubbing. 

For any of the aforementioned diseases, but especially for fainting 

and mental disturbances ()inni), a few people may go to a doaxan. 

He will say some prayers or give the patient a piece of paper, tumar, 

on which he has written something, doa, usually in Arabic. The 

doaxan folds this paper into a triangle and wraps it in a piece of cloth 

or puts it into a little cloth sack. (Some people place these in elaborate 

silver containers.) The amulet is worn hanging from the neck or 

placed under the headgear. Sometimes it may be worn on that part of 

the body which is affected by the illness. Women, especially, may go 

to a shrine and pray. (Among Uzbeks in certain communities in 

northern Afghanistan a practice called kocurmaq is used in curing. 

Here a doaxan tries to remove a jinn while playing a drum.) 

Finally, certain Uzbeks in Kabul seek to cure illnesses by prescrib¬ 

ing certain herbs, or special “diets” termed parhiz. Such a person is 

called a tabib. 

For an understanding of the daily life of the Kabul Uzbeks it is 

necessary to describe a few of their other beliefs, especially those per- 
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taining to prediction of the future and portents of “good” and “bad” 

luck. 

Besides the doaxan there are other individuals who seek to prog¬ 

nosticate the future. A few persons in Kabul consult an Uzbek who 

utilizes forty-one stones in doing this. He divides these stones, with¬ 

out first counting them, into three groups. Each group is then sepa¬ 

rated arbitrarily into three parts, making nine piles. Depending upon 

the arrangement of the stones, he is supposed to be able to foretell the 

future. 

Dreams are utilized by some Uzbeks as a guide to future action. A 

number of rules govern the interpretation of dreams—e.g.^ one is not 

supposed to interpret a dream for himself but should get someone else 

to do it for him. Some of the ways in which dreams are interpreted 

are as follows: If you dream that someone will die, that person is ex¬ 

pected to live a long time. If you dream you are traveling, you will 

probably take a trip in the near future. Dreaming about a snake 

means you will acquire wealth. And dreaming about water indi¬ 

cates that you will acquire knowledge. Thus if a person dreams he 

is swimming, he is expected to become a good scholar. If a person has 

a problem, he will sometimes pray for a dream which will provide a 

solution to it. This practice is called istaxora. 

What are some of the things which the Uzbeks consider to bring 

good luck? The numbers three and seven are thought to be especially 

lucky. And if a person’s palm itches this means he will acquire some 

extra money. The list of omens or actions portending bad luck is much 

more extensive. If a cock crows in the afternoon, this is considered to 

be unfavorable. Some Uzbeks will go out and kill the cock if this hap¬ 

pens. Tuesday is considered to be a particularly unlucky day. The 

Uzbeks would not cut a piece of cloth on this day with a knife or scis¬ 

sors, although they might tear it. Nor would some start on a trip on 

Tuesday. Likewise the month of Safar is considered to be an unlucky 

time for initiating a journey. People are careful not to step over some¬ 

one who is lying on the floor; if the latter is a child he might become 

stunted in his growth. And one should not walk under a ladder. Most 

Uzbeks are careful not to point at a grave. Nor would they sleep lying 

face up, because this is the manner in which the dead are often buried. 

And praising something or someone can be dangerous. This is believed 

to occur as a result of koz, literally “eye”: thus if one looks “deeply” 

into what he is praising, something might happen to the person or ob¬ 

ject involved. Because a child is considered especially vulnerable the 

Uzbeks often try to dress children unattractively. 
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If a person holds his hand flat with the fingers together and one can 

see between the fingers, that person is considered generous. When 

one’s ear itches someone is supposed to be talking about him. Whis¬ 

tling is frowned upon; it is reserved for calling dogs. Finally, there is 

a belief that thunder is caused by an old woman in the clouds who 

occasionally becomes angry, 

CONCLUSION 

This paper has had as its primary objective a partial de¬ 

scription of the way of life of the Uzbeks of Kabul, especially those in¬ 

fluenced by the Tashkent sub-culture. These persons are citizens of 

Afghanistan, Most of them were born there, although they continue 

to be influenced by the culture of their elders. It is sincerely hoped 

that this paper, by describing the culture of this group, will contribute 

to a better understanding of a people about whom so little has been 

written. 
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Science in Texas 

The Robert A. Welch Foundation of Houston has given a total of 

$850,000 in grants for chemical research in Texas. Of this amount, 

$295,422 goes to The Rice Institute, $294,600 to The University of 

Texas, and $260,000 to the Agricultural and Mechanical College of 

Texas. The Foundation announced that a decision had been made to 

support basic chemistry research projects in Texas instead of build¬ 

ing its own laboratories. The money from the Foundation must be 

spent in Texas. 
★ ★ 

The Agricultural and Mechanical College of Texas has already an¬ 

nounced the disposition of its $260,000 for chemical research received 

from the Robert A. Welch Foundation (see above). A total of $15,000 

a year for three years will go to Dr. Fred W. Jensen for high frequency 

research. The same amount will go to Dr. A. F. Isbell for fundamental 

research in organo-phosphorus chemistry. Dr. Carl M. Lyman will 

receive $55,000 for the first year and $35,000 for two succeeding years 

to conduct research in the chemistry and metabolism of proteins and 

amino acids. Dr. J. R. Couch will also receive $15,000 a year for three 

years for research on the isolation and identification of new vitamins. 

★ ★ ★ ★ 

Dean W. R. Woolrich and Dr. Byron E. Short of the College of 

Engineering of The University of Texas are serving as associate edi¬ 

tors of the 1955-56 Air Conditioning and Refrigeration Data Book. 

This will be published by the American Association of Refrigeration 

Engineers. 
iK 'k 'k 

The Symposium on Hydrocarbon Chemistry, sponsored by the 

Southeastern Texas Section, American Chemical Society, was held in 

Houston, January 27-28, 1955. The dinner speaker was Dr. Carey 

Croneis (Rice Institute), who discussed the topic, “Mankind in Geo¬ 

logical Perspective.” On the program were Drs. D, P. Stevenson (Shell 

Development Company), J. D. Roberts (California Institute of Tech¬ 

nology), Guy Waddington (U. S. Bureau of Mines), G. B. Kistiakow- 

sky (Harvard University), M. Szwarc (State University of New 

York), W. E. Doering (Yale University), E. W. R. Steacie (National 

Research Council of Canada), and W. A. Noyes, Jr. (University of 

Rochester). 
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Dr. Edward Lowell Pratt, formerly of the College of Medicine, New 

York University, has joined the faculty of the Southwestern Medical 

School in Dallas. Dr. Pratt is Professor of Pediatrics and chairman of 

the Department of Pediatrics. He took a B.S. degree from Massachu¬ 

setts Institute of Technology and his M.D. from Harvard University. 

★ ★ ★ ★ 

Sir Lionel Whitby, vice-chancellor of Cambridge University, con¬ 

ducted a series of seminars and conferences on blood disorders at the 

University of Texas Medical Branch in December. Sir Lionel was 

president of the first World Conference on Medical Education, which 

was held in London in 1953. 

★ ★ ★ ★ 

The University of Texas now has 479 students from 61 foreign 

countries, and most of these are specializing in scientific subjects. Of 

these 479 students, 200 are from the Western Hemisphere. Largest 

representation among individual countries is Syria’s 39 students. 

Jordan and Mexico have 38 each. In second place among Western 

Hemisphere countries is Colombia with 26 students. Venezuela, with 

22 students, is matched by India, which has the same number. Other 

countries with large delegations are Iraq with 20; Turkey, 19; China, 

18; and Lebanon, 15. The College of Engineering claims more foreign 

enrollees than any other University school or college, with 177 repre¬ 

sented. The Graduate School is second, with 131, and the College of 

Arts and Sciences is third with 97. 

★ 

Dr. Pierre Grabar, director of the Biophysics Section of the Pasteur 

Institute of Paris, France, has been appointed a senior fellow at The 

University of Texas Medical Branch at Galveston. The appointment 

was made under the James W. McLaughlin Fellowship Program in 

infectious diseases and immunity. Dr. Grabar will work with Dr. 

Charles M. Pomerat in the Tissue Culture Laboratory and with Dr. 

W. W. Nowinski in the Tissue Metabolism Laboratory. 

★ ★ ★ ★ 

The Hogg Foundation for Mental Hygiene at The University of 

Texas has some 360 books and 1300 pamphlets available for two-week 

loan. A list of titles, arranged by categories, is available upon request. 

★ ★ ★ ★ 

The University of Texas Radio House has received a $5,400 grant 

for preparation of a series of radio programs dealing with special-edu- 



SCIENCE ACTIVITIES IN TEXAS 115 

cation and handicapped children. The grant was awarded by the Edu¬ 

cational Television and Radio Center and the National Association of 

Educational Broadcasters. The series, entitled “The Child Beyond,” 

will feature authorities known for their understanding of exceptional 

and handicapped children’s problems. 

★ ★ ★ ★ 

Dr. Athos da Silveira Ramos, vice-director of the National School of 

Chemistry, University of Brazil, is now in the United States making a 

study of graduate training in the fields of petroleum chemistry and 

petroleum engineering. In December he visited The University of 

Texas to review the work of Dr. Kenneth A. Kobe, who in 1951 helped 

the University of Brazil reorganize its curriculum in chemical engi¬ 

neering. 
★ ★ ★ ★ 

The Bureau of Economic Geology of The University of Texas an¬ 

nounces that Bulletin 3232, Volume I, The Geology of Texas, Strati¬ 

graphy, has been reprinted and is now available. 

-k "k 

The Pharmaceutical Foundation of The University of Texas will 

conduct a drug-industry manpower survey. The survey will be con¬ 

ducted by the College of Pharmacy in cooperation with the College of 

Business Administration. Data will be accumulated on the relationship 

of manpower supply to pharmacy training; Selective Service effects 

on pharmacy manpower; salary and working-hour trends; the ade¬ 

quacy of pharmacy training; and average income, age, and education 

of practicing pharmacists. 

★ ★ ★ ★ 

The University of Texas Medical Branch at Galveston has received 

a grant of $10,000 from the T. J. Brown and C. A. Lupton Founda¬ 

tion for a medical student loan fund. 

k k k "k 

A bibliography on housing for warmer climates has been published 

by the National Research Council and the Bureau of Engineering Re¬ 

search at The University of Texas. This bibliography, which is a book¬ 

let of 115 pages, supplements previous bibliographies on housing for 

warmer climates. 
★ ★ ★ ★ 

Under a contract with the Foreign Operations Administration, the 

Agricultural and Mechanical College of Texas will aid educational. 
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research, and extension programs in agriculture of the Antonio Narro 

Agricultural School, Saltillo, Mexico, A, &. M. College will furnish 

technicians to supervise improvement of agricultural work at the 

Mexican school. Seven A. & M. staff members, headed by a chief ad¬ 

visor, will work in Mexico during the first year of the contract; nine 

will work during the second year. Total cost for the full period is 

estimated at $751,000. 



Affairs of the Texas Academy of Science 

The new officers of The Texas Academy of Science for 1955 are as 

follows: D. F. Leipper (A. & M. College of Texas), President; J. C. 

Finerty (The University of Texas Medical Branch), executive vice 

president; G. P. Parker (A. & M. College of Texas), secretary-treas¬ 

urer; J. R. Couch (A. & M. College of Texas), vice president for Sec¬ 

tion I (Physical Sciences); D. W. Craik (Hardin-Simmons Univer¬ 

sity), vice president for Section II (Biological Sciences); H. T. Man¬ 

uel (The University of Texas, vice president for Section III (Social 

Sciences); F. E, Lozo (Shell Oil Company), vice president for Section 

IV (Earth Sciences); Clark Hubbs (The University of Texas), vice 

president for Section V (Conservation). Mrs. Gladys H. Baird (Hunts¬ 

ville) was elected to the Board of Directors. 

★ ★ ★ ★ 

The South Texas Regional Meeting of The Texas Academy of 

Science will be held at Texas Southmost College in Brownsville on 

April 15-16, 1955. Inquiries should be directed to Professor Velma 

Wilson of Texas Southmost College. 

★ ★ ★ ★ 

SHERMAN WEAVER BILSING (1885-1954). Sherman Weaver 

Bilsing was born December 8, 1885, and reared on a farm near Crest¬ 

line, Ohio. He taught in the public schools of Ohio at the age of 17 be¬ 

fore he finished high school. His high school training was completed 

at Martin Bolhm Academy in 1908. In 1912 he received the Bachelor 

of Science Degree from Otterbein College and the Bachelor of Arts 

Degree from Ohio State University. Dr. Bilsing was a Fellow at Ohio 

State University in 1912-13, receiving the Master of Arts Degree in 

1913. He spent the summer of 1915 studying entomology at the Uni¬ 

versity of California. Dr. Bilsing came to Texas Agricultural and 

Mechanical College as Instructor of Entomology in 1913 and was made 

head of the department in 1918, in which capacity he served until 

1947. He returned to Ohio State University in 1923—24 on a fellowship 

and received his Doctor of Philosophy Degree in 1924. He continued 

to serve as Professor of Entomology at Texas A. & M. College from 

1947 until his retirement in October, 1952, after more than 39 years 

of service to the State of Texas and to professional entomology. Al¬ 

though Dr. Bilsing had been in failing health for several years, his 

117 
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death on July 23, 1954, came as a shock to his co-workers and many 

other friends. 

Dr. Bilsing was married to Miss Alma Merwin of Mt. Vernon, Iowa, 

on August 22, 1922. Mrs. Bilsing and a son, William Albert, a prac¬ 

ticing physician, survive. Another son, Dean, preceded him in death, 

December, 1932. 

For many years Dr. Bilsing furnished the inspiration for his students 

to pursue advanced training in the field of entomology. He gave liber¬ 

ally of his time to those in need of counsel, and his guidances were ac¬ 

cepted and cherished by many who followed them. Graduate and 

former students have marvelled at his ability to remember names and 

faces, and his keen mind was always filled with many incidents that 

occurred throughout his teaching career. He was responsible for mak¬ 

ing financial arrangements for many undergraduate and graduate 

students in pursuit of college education. Many personal loans were 

made to students, and in most instances, with absolutely no security. 

When asked why he did not require a signed note, he responded, “I 

would not loan the money if I thought your word was not better than 

a note.” An outstanding characteristic was his ability to obtain the re¬ 

spect and devotion of those fortunate enough to have studied under 

his guidance. He trained several of the outstanding entomologists in 

the nation. Above all things, he was a man; true, dependable, lover of 

the truth and a real scientist. 

Dr. Bilsing was a Fellow of the American Association for the Ad¬ 

vancement of Science, and of the Entomological Society of America. 

He was an Honorary Life Member of The Texas Academy of Science. 

He was given the Distinguished Service Medal and made an Honorary 

Life Member of the Texas Pecan Growers’ Association in 1928 for his 

contribution to the pecan industry through insect control. He helped 

organize and served as the first president of the Texas Entomological 

Society, which is now the Southwestern Branch of the Entomological 

Society of America. 

Dr. Bilsing held various offices in professional societies, among them 

the Secretary of the Academy Conference of the American Association 

for the Advancement of Science from 1928 to 1941. He was a member 

of the Executive Council of the AAAS from 1928 to 1944. In the Amer¬ 

ican Association of Economic Entomologists he was chairman of the 

Membership Committee in 1931, vice president of the Section on Bee¬ 

keeping in 1936, first vice president of the Association in 1937, chair¬ 

man of the Cotton States Branch in 1935, secretary of the Section on 

Teaching in 1941, and vice president of this last section from 1941 to 
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1945. He was a representative of The Texas Academy of Science to the 

American Association for the Advancement of Science from 1928 to 

1944. He was a member of Sigma Xi and Pi Kappa Delta. Dr. Bilsing 

was also librarian for The Texas Academy of Science and served in 

this capacity for many years. 

“Doc,” as he was referred to by his students, was more than just a 

classroom teacher. He was the first entomologist to do extension work 

in Texas under the Smith-Lever Act. He was consulting entomologist 

during 1927 for insurance companies whose clients were exporters of 

flour. He maintained a continuous research program and did out¬ 

standing work on the biology and control of several insects. He was the 

author of many scientific bulletins and papers. His best known publica¬ 

tions are those on the life history and control of the pecan nut case- 

bearer. His research on this insect is one of the most thorough studies 

ever made on any insect.—D. F. Martin, M. A. Price, and N. M. 

Randolph. 
★ ★ ★ ★ 

The preceding issue of THE TEXAS JOURNAL OF SCIENCE, 

Vol. VI, No. 4, December, 1954, was mailed from San Marcos, Texas, 

on February 12, 1955. 
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Experience, Equipment and Modern Techniques 

are the keys to your Exploration Success 

Independent Exploration Company has contributed 

generously to the development of new equipment and 

modern techniques during the 20 years in which it has 

served the oil industry. 

Now one of the oldest and most experienced explora¬ 

tion contractors in the business. Independent believes 

that experienced Party Chiefs hold a key to your 

exploration success. Independent’s crews under the su¬ 

pervision of Party Chiefs with an average of 16 years 

service, have served more than 100 important oil 

producers. 
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THESE two bison are part of a small group of American bison on ex¬ 
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of the geographic distribution of bison in the Southwest, see “Bison 
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The Place of Research in the Economic 

Development of the Southwest* 

by RALPH B, THOMPSON 

Southwest Research Institute 

THE topic of this paper is a timely one, if for no other reason than that 

so many people are becoming concerned with economic development. 

They approach it with different viewpoints and represent different 

elements in our society, but all have as their goal the raising of the 

standards of living of some or all of the people in the Southwest. 

Most commonly this activity takes the form of promoting industrial 

development. The particular term “industrial” rather than the more 

general term “economic” is used because of the widespread recognition 

that, in general, an industrial base supports the trade, service, pro¬ 

fessional and cultural organizations of a community at a higher level 

of activity and income than an agricultural or extractive base can do. 

Most active in this endeavor are the Chambers of Commerce. There 

is probably not an urban place in the country—unless it be a few 

purely bedroom suburbs—which would not trade its birthright of 

bucolic charm for a mess of smokestacks, clanking machinery, and 

ringing cash registers. 

Several of the states in the Southwest have state development com¬ 

missions or state industrial departments whose objectives are to bring 

industry to the state in question without regard to a particular com¬ 

munity. Texas has no such commission or program because of a con¬ 

stitutional provision against spending state funds to encourage immi¬ 

gration^—-a law inspired, no doubt, by the dislike of the carpet-baggers 

of Reconstruction days. Texas does have regional chambers of com¬ 

merce, which serve in a similar capacity for their respective sections 

of the state. Railroads and public utilities have industrial development 

departments whose purpose is to persuade industry to locate plants 

adjacent to their rail, pipe or power lines. The Committee on the South¬ 

west Economy, which was appointed by the President in 1950, has 

recently prepared its report in which it stresses the need for increased 

economic development in the Southwest. In September, the Fourth 

* Presented at the 1954 annual meeting of The Texas Academy of Science, Social 

Sciences Section, San Antonio, Texas. 
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Annual Industrial Development Conference sponsored by the Indus¬ 

trial Engineering Department of the A. & M. College of Texas was 

held, and representatives of many of the groups interested in the sub¬ 

ject gathered to exchange ideas. This is but one of many such meetings 

that have been or will be held throughout the region and the nation. 

There are at least two questions that an observer of this movement 

might raise. The first one that comes to mind, “Is economic develop¬ 

ment desirable?” Only if we were to call in the philosophers and the 

theologians could we expect much light on this question. Certainly one 

is safe in saying that most Americans today would see no point in 

raising such a question. We all believe in material progress at least 

for ourselves, and, in general for society as well. In fact, our symbols 

of status are to a large extent material ones. There is also a negative 

argument. If we don’t continue to develop industrially, we will lose the 

global battle against communist imperialism. In fact, if we are too 

slothful, we will become a lost civilization. Just a few weeks ago, ac¬ 

cording to the San Antonio press, a historian from St. Mary’s Univer¬ 

sity warned a chapter of the American Legion that, in centuries to 

come. Alamo Plaza in San Antonio might be buried beneath 60 feet 

of sand—as were the ancient cities of Africa—unless we take positive 

attitudes toward conservation of our economic resources. 

More tangible evidence of the desirability of industrial development 

can be obtained by studying U. S. Department of Commerce figures 

on per capita income. In general, the incomes for people living in the 

more highly industrialized states are greater than incomes of those 

living in more agricultural areas. In 1953 the highest per capita in¬ 

come was $2,304, in Delaware. Other states having an average income 

of over $2,000 were in this order: Connecticut, Nevada (some of whose 

principal industries, it must be admitted, may not add any more to 

genuine economic development than they do to moral development), 

New York, District of Columbia, New Jersey, Illinois, California, Ohio, 

and Michigan. The per capita income for the United States as a whole 

was $1,709. The southwestern states of Arizona, New Mexico, Okla¬ 

homa, and Texas had an average per capita income of $1,443, with 

only the Southeastern states having a lower figure of $1,159. The figure 

for Arkansas was $939, Louisiana $1,249, New Mexico $1,347, Okla¬ 

homa $1,327, and Texas $1,480 {Survey of Current Business, 1954: 

15). 

If then we can assume that economic development is desirable, how 

then can it best be achieved? Perhaps a little light can be thrown on 
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this question if we briefly examine the history of economic develop¬ 

ment in the past. 

There are some societies in which there is no economic development 

at all. Primitive hunting and fishing peoples live for centuries with the 

standard of living of the later generations being little changed from 

that of their forefathers. Two years ago at a meeting of The Texas 

Academy of Science a paper was read on the society of the Karan- 

kawas, who lived in Texas before the coming of the white man. Despite 

the latent resources that existed in this area then, just as they do now, 

this tribe lived out its existence in poverty. Dr. Erich W. Zimmermann 

points out in his famous book on World Resources and Industries how 

a vegetable civilization such as that of China exists for centuries with 

no basic change in its ability to raise the standard of living of the 

country. The chief reason is that in the absence of machines and the 

scarcity of even animal energy so much of the production of agricul¬ 

ture is consumed just to provide the human energy necessary to 

produce it (Zimmermann, 1951: 89-90). 

With the rise of modern western civilization following the Renais¬ 

sance, economic development became a reality to an extent never 

equalled elsewhere in history. The individual, freed from political 

controls on the one hand and aided by advances in learning and tech¬ 

nology on the other, began to translate ancient dreams of a Utopian 

land of plenty into a reality. Not only were the ancient resources of 

Europe developed to the point where they could support greatly in- 

j creased populations but the frontiers of the new world were opened up 

I to farmers, miners, and manufacturers. Under the prevailing doctrine 

i of laissez faire, economic development became the total net gain re- 

I suiting from the efforts of thousands of almost unrelated groups and 

; individuals. It was a case of the use of the verb “develop” in the 

I intransitive voice. 

Texas and the other Southwestern states were settled by people of 

I European descent in the midst of this great era of individualism. The 

I stagnant civilizations of its aborigines were swept away and replaced 

j by an agricultural economy of plantations, family farms and ranches. 

Until about 1870 self-sufficiency, both regional and household, was 

! pretty generally the practice. But with the growth in the demands of 

I the industrial Northeast for food and fiber and the establishment of the 

I railroads, the Southwest became a supplier of raw materials in ex- 

I change for manufactured goods (Johnson, 1933: 16-19). Although 

i sporadic attempts were made from time-to-time to establish manu- 

I 
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facturing, only such types as were necessary to carry on the basic 

agriculture of the region were at all successful. 

The stage of the economy of the Southwest prior to the opening of 

railroads has been termed by the Committee on the Southwest Econ¬ 

omy “the frontier phase.” That stage which occurred between 1870 

and the extensive development of the oil business in the early part of 

the present century is called “the period of self-generating growth” 

(The Southwest, 1954: 1-5), because such economic development as 

did take place came about through the efforts of individuals already 

living in the Southwest. The period since then is called by the Com¬ 

mittee “the era of dominance by large-scale decisions” {ibid.). In a 

sense, this third and current phase of southwestern economic history 

is like that of the second stage in that the Southwest is still considered 

by many economists to be a colonial economy. The reason is because 

its products—cotton, food crops, cattle, oil, gas and other minerals— 

are shipped out of the region to a large extent in a raw or semi-finished 

state. The capital that has developed the oil and chemical industries 

has come largely from the East. Military projects, waterway and flood 

control projects, as well as national parks, are but a few examples 

of other income-producing activities in the Southwest which have 

been financed from another large-scale, outside source: the Federal 

Government. 

In support of this characterization, the Committee on the Southwest 

Economy provides some statistics that it has compiled from published 

sources. The percentage of persons in the Southwest, i.e., in the states 

of Arkansas, Louisiana, New Mexico, Oklahoma, and Texas, who are 

employed in the primary industries of agriculture, forestry and fish¬ 

eries is 19.5 per cent of the total, compared with a percentage of 12.5 

for the United States as a whole. Employment in the Southwest in the 

secondary industries of mining, manufacturing and construction is 

24.3 per cent of the total, compared with 33.7 per cent for the country 

as a whole {ibid., IX-12). It might be interesting to remark in this 

connection that a larger proportion of the people in Louisiana and 

Arkansas were employed in manufacturing—15.1 per cent and 13.8 

per cent respectively—than in Texas, 13.5 per cent. 

Although manufacturing in the Southwest and especially in Texas 

has increased rapidly in recent years, Texas moved only from 15th 

to 13th place among the states in size of manufacturing employment 

from 1939 to 1953. One out of every three manufacturing jobs is still 

found in the nine states from Pennsylvania and Maine, one out of 

every five jobs in trade is still held in Pennsylvania, New York or New 
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Jersey, and one out of every five jobs in finance, insurance, and real 

estate is still accounted for by New York City. When it is also con¬ 

sidered that two-fifths of all the gas and oil used in the entire United 

States comes from Texas, it is clear that the Southwest is a colony of 

the Northeast—just as much as India or the West Indies were ever 

colonies of the United Kingdom—in an economic sense. 

In seeking an explanation for the dependence of the Southwest upon 

the Northeast for capital and markets, many reasons have been ad¬ 

vanced: distance of the Southwest from major markets, desire of firms 

already located in the East to preserve their investment in plant and 

control over markets, inequitable freight rates, etc. To this more usual 

list, the Committee on the Southwest Economy has added a hypothesis 

which is stated as follows: . . There is little in the region to indicate 

an internal vitality intent on molding its own destiny. The region is 

ready enough to make hay of the opportunities given to it, but lacks the 

insight and initiative needed to create its own opportunities. Passive 

response seems to be the Southwestern way” {ibid.^ XII-15ff.). Even 

the activities of the chambers of commerce mentioned previously have 

been confined largely to attempts to persuade Eastern firms to move to 

or locate branches in the Southwest. Efforts to persuade men who have 

gained their fortunes through speculation in oil or cattle to invest in 

new, locally-financed manufacturing appear to be few or, at least, 

unsuccessful. 

It is doubtful, however, if a continuation of a passive attitude will 

do anything more than permit a continuation of the colonial position 

of the Southwest in which its energy and mineral wealth continues to 

flow out to other areas for manufacture and its economic potential 

fails to be fully realized. 

Eurthermore, from a conceptual point of view, a laissez-faire pas¬ 

sivity cannot be expected to bring the relative economic progress it 

did under the simplier conditions existing a century or more ago. In a 

purely agricultural economy it was natural to think of economic re¬ 

sources, principally land, as being fixed in total quantity. By providing 

labor with tools, animals, and other capital goods production could 

take place. Within very narrow limits, production could be increased; 

but the Malthusian doctrine—which held that population constantly 

presses upon the food supply—made anything but short-run, small- 

scale economic development seem visionary. With the expansion of 

technology and the accompanying rise in scientific knowledge the 

extent and variety of economic resources have increased manyfold. 

Dr, Erich Zimmermann in his work has replaced the traditional, 
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Static concepts of land, labor, and capital—each one of which is inde¬ 

pendent of each other—with the dynamic, interdependent concepts of 

nature, man, and culture. Man with the aid of his culture is able to 

exploit nature more fully, to discover uses of natural elements pre¬ 

viously considered of no value. In turn, this greater use of resources 

modifies man’s wants and culture. Economic development is no longer 

a simple problem of hard work and capital accumulation, but one in 

which scientific research, business management, and governmental 

economic policy must be coordinated in a deliberate attempt to achieve 

it. In other words, the verb “develop” must be considered in its 

transitive voice. 

Both business management and government administration are arts 

rather than sciences, and they are arts that have been highly developed 

in the past several decades. Part of this development has involved an 

increasing dependence upon scientific knowledge gained through re¬ 

search into problems and methods. 

The Committee on the Southwest Economy has listed in its report 

some of the areas into which research effort should be directed in order 

to end the colonial position of the Southwest and aid it in becoming an 

integral part of the national economy at all levels of activity. 

We must find out how to improve the educational facilities in order 

to train properly the people of the Southwest to do the kind of work 

that is needed in an expanding economy. Research must be stepped i 

up in the area of conservation of our resources. Much has already been j 
done in discovering ways and means of preventing soil erosion, de- [ 

struction of forests, and heedless waste of oil and gas. But there is still j 

much more to do before we can be satisfied that the future is provided i 

for. The drought of the past few years has accentuated the water prob- ' 

lem in this region. Here again much research has already been done by ; 

the Federal, state and local governments and other agencies. But more 

must be done to provide the hydrological data necessary to insure j 

maximum utilization and minimum waste of water. 

Despite the desirability of greater industrialization, agriculture will ; 

remain an important segment of our economy. The progress in apply- i 

ing new methods discovered through research has been remarkable, j 

Nevertheless, the Committee recommends more studies of land-use I 
policies, fertilization, soil conservation, disease and insect control and i 

farm management. Research into methods of protecting and improv- j 

ing forests and also in the utilization of wood products should be 

expanded. 

Industry has become increasingly research-minded, but from my 
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own experience I would say that firms in this area are just beginning 

to realize the possibilities of technical, management and marketing 

research. Community analyses to consider such topics as zoning, mar¬ 

ket appraisal, credit facilities and resource potentials are badly needed 

by many towns and cities if they are to obtain new industry. State and 

local fiscal policies should be subjected to re-appraisal to see if they 

are adequate for modern demands. 

In concluding its recommendations, the committee on the Southwest 

Economy makes this statement: “Among the conclusions reached by 

this group is the deplorable lack of authoritative information on many 

problems of private and public economic policy. Substantial increase 

in the collection and tabulation of data by private agencies and all 

levels of government is still an urgent need in spite of the great strides 

that have already taken place. A higher level of knowledge will not be 

attained until greater recognition of the importance of research on 

economic questions brings about a corresponding dedication of man¬ 

power and other facilities to research activity {op. cit.^ 11-13). 

To get this research done is the responsibility of every organization 

that has a stake in the growth of the economy: business firms, trade 

associations, chambers of commerce, development commissions and 

units of government at every level. Education is needed to point out 

the need for and value of research to these groups. As scientists and 

as educators we can share this responsibility for promoting interest in 

research. 

There must be agencies to do this research, too. These we have, but 

there are not nearly as many as there should be, nor are they as large 

and amply staffed as needed to get the job done. Colleges and univer¬ 

sities have led the way in many areas. Faculty members working as 

individuals or as staff members of Bureaus of Business and Economic 

Research, Bureaus of Economic Geology or Bureaus of Municipal Re¬ 

search have done many worth-while studies in the field of resources 

and economic development. So have many government departments 

and quasi-public agencies, such as the Texas Research League or the 

Public Affairs Research Council of Louisiana. 

The largest and best-financed business firms and governmental 

agencies can and do have extensive research programs in both eco¬ 

nomic and technical areas. Although business men have tended in the 

past to emphasize research on purely technical matters, they are in¬ 

creasingly spending more time and money on studies of markets, pro¬ 

duction methods, and over-all management policies. Furthermore, 

there is a growing tendency to recognize the fact that technical ques- 
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tions cannot be separated from economic questions, and vice versa. 

Consequently, a new field of research is being developed. It is called 

techno-economics. 

Small organizations are often forced either to go without research 

or do a superficial job. Furthermore, even with the larger firms, many 

projects require a varied staff of experts in many fields. To meet these 

needs, the nonprofit research organizations of the country have been 

developed—The Mellon Institute in Pittsburgh, Armour in Chicago, 

Stanford near San Francisco, The Southwest Research Institute in San 

Antonio, and five others. Each of these organizations tends to interest 

itself in the problems facing the industries of its particular region. In 

each, the firm or agency needing research can find in one place men 

trained in many different fields of science and engineering as well as 

in economics and business administration. 

Economic research requires the marshalling of facts. These facts are 

likely to be scattered through many sources; some of them may not 

have been published at all. Those which are available may not be ar¬ 

ranged by the areas or for the years in which the researcher is inter¬ 

ested. If not, tables must be compiled in the desired arrangements. All 

this work is time-consuming. While many of the facts needed are 

peculiar to the solution of a given problem, others deal with the basic 

resources and industries of the region. They are searched out and 

made into tables by different individuals in various organizations. 

Often the same person will have to go back and dig out the same in¬ 

formation more than once for subsequent studies. 

In order to reduce this duplication of effort and increase the avail¬ 

ability of pertinent basic economic facts about the economy of the 

Southwest, The Southwest Research Institute is publishing a resources 

handbook. This will be a loose-leaf publication which eventually will 

contain over 250 tables, maps, charts, and articles about the industrial, 

agricultural, and commercial resources of the region. 

I have been able to mention just a few of the types of organizations 

which are equipped to carry on the research programs needed to pro¬ 

vide the facts required for sound economic decisions. Only as more 

decisions are factually based can we look forward to a level of indus¬ 

trial activity in the Southwest that will keep pace with our expanding 

population and increasing wants. And only then can we expect real 

improvement in the economic position of this area relative to the rest 

of the country. 
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Bison Beyond the Pecos 

by ERIK K. REED 

National Park Service, Santa Fe, New Mexico 

IN A previous note on the range of the buffalo (Reed, 1952), I was in 

error on at least one item: bison in Coahuila, and probably adjoining 

states of northeastern Mexico, during historic times. The item noted 

on this point by Dobie (1953) I do not find entirely convincing by it¬ 

self, as the 1806 document as quoted does not specify where or how far 

the Coahuila settlers went on the buffalo-hunting expeditions. Other 

more definite historical information, however, has been brought to my 

attention by Alex Krieger of The University of Texas; statements 

which were brought together over 50 years ago by Judge Bethel Coop- 

wood (1900: 234-237) suffice to show that bison occurred on both sides 

of the lower Rio Grande about Laredo, in northern Tamaulipas and 

eastern Coahuila as well as in south Texas, as late as about 1850. The 

remainder of my above-cited contribution is essentially correct, so far 

as I know, including the suggestion that the type locality of Bison bison 

should be, not Mexico, but the southern United States. 

In historic times, the range of the bison in New Mexico, similar to 

that of the Virginia white-tailed deer, extended into the east slope of 

the mountains in the headwaters of the Canadian River (high up, into 

the upper valleys of the Vermejo), to the vicinity of Las Vegas, to the 

Lincoln region, and to the Salt Basin on the west side of the Guada¬ 

lupes (observation at Ojo del Cuerbo, near the Texas line, just east of 

the salt lakes, in February 1854, by Captain John Pope). “No good 

evidence is found that buffalo ever inhabited the Rio Grande Valley in 

New Mexico or the country west of it” (Bailey, 1931: 12). 

In my previous note {loc. czY.), I remark that “bison remains found 

archeologically west of the Rio Grande, in western New Mexico and 

Arizona, date from the 1200’s or before.” Such finds recovered in 

archeological horizons which can be dated with reasonable assurance 

between the first centuries of our era and 1300 A. D. include: Site 34 

and Spruce Tree House in Mesa Verde National Park, southwestern 

Colorado; Site 41, La Plata River; Site Bc51 and Chettro Kettle, Chaco 

Canyon National Monument, northwestern New Mexico; a site at 

Winona, close to Flagstaff, northern Arizona, Snaketown in southern 
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Arizona, the Bear Ruin at Forestdale and a site (of the thirteenth- 

fourteenth centuries) at Point of Pines in east-central Arizona; and 

several records from southwestern New Mexico—the Swarts.Pueblo 

ruin on the Mimbres River, a cave on the Tularosa River, the Mogollon 

village (Site 1:14), the Turkey Foot Ridge site, at least one Reserve 

phase site, the Luna pithouse village, and Bat Cave at the south end of 

the San Agustin basin. The rather sparse remnants in sites to the west 

in Arizona (Winona, Forestdale, Snaketown) are capable of ex¬ 

planation as due to trade connections with, or hunting expeditions to, 

the buffalo range. The quantity and condition of bison remains found 

by H. W. Dick in Bat Cave, however, demonstrate conclusively that 

the plains of San Agustin were certainly a part of that range up to the 

1200’s. This could easily explain the frequency of bison finds in the 

nearby Tularosa River-Mogollon-Reserve district of southwestern New 

Mexico. 

Bones of Bison bison and/or B. antiquus figginsi Bison taylorb’ in 

most site reports and archeological discussions) are on record from 

several far earlier archeological contexts in the Southwest, ranging 

from a few centuries to several millennia B. C., as far west as Ventana 

Cave in the Papagueria in southwestern Arizona. 

In 1539, Fray Marcos de Niza saw bison hides in Sonora and, evi¬ 

dently, on the San Pedro River in southernmost Arizona; both groups 

told him they obtained these by trade from Cibola (the Zuni group, in 

western New Mexico south of Gallup). Bison received the name “cattle 

of Cibola” after 1540-41 (the Coronado documents call them simply 

cattle: “vacas” and “toros”), and later were called “cibolas,” “sibolas,” 

or “cibolos,” for over 200 years (by 1590, to at least 1794 and probably 

later), and the buffalo plains had received the name, the plains of 

Cibola, by 1626 at least, and probably long before. 

Actually, however, there were no bison in the Zuni country itself; 

the people of Cibola (the Zuni Indians) obtained bison products from 

the plains by way of Pecos Pueblo, and passed on some to Sonora. 

Bison remains have been found in archeological excavations at Pecos 

(c. 1200-1838 A.D.) and the Zuni pueblo of Hawikuh (c. 1250-1700 

A.D.), and also at the major Hopi town of Awatovi (c. 1250-1700 

A.D.). The occurrence among the historic occupants of northeastern 

Arizona, the Moqui or Hopi, is explainable as trade by way of Cibola. 

Archeological finds at several upper Rio Grande sites (e.g., Group M, 

Frijoles Canyon, Bandelier National Monument, New Mexico) might 

represent either trade through Pecos or Taos Pueblo or else hunting 

expeditions to the plains east of the Pecos River. 
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A belt of bison-hair found by E. H. Morris in a northeastern Arizona 

cave, presumably a specimen of the “Basket Maker” period (early 

Anasazi, before 500 A.D.) may easily have been a trade object. Inci¬ 

dentally, of special interest is F. Martin Brown’s comment (in a let¬ 

ter of February 19, 1950) that the hair “is sufficiently different from 

the typical Bison bison'' to suggest another species, and that the piece 

of bison hide which he found in Castle Park on the Yampa River, 

northwestern Colorado, came from the same kind of animal. 

Bison ranged across northern Utah to the upper Columbia River 

drainage in early historic times, and the few archeological finds in 

central and western Utah are not surprising, nor are statements on 

knowledge of the buffalo among Paiute Indians of Utah (for Utah and 

the Northwest, and the habitat and history of the buffalo generally, 

see the standard works: Allen, 1876; Hornaday, 1889; and Roe, 1951). 

The hunting of “cibolas” by Havasupai Indians of northern Arizona 

on the lower Fittle Colorado in the eighteenth century (Coues, 1900, 

II: 403, 406), however, sounds like genuine local occurrence rather 

than long trips into Utah. Perhaps this could conceivably refer to wild 

(feral) cattle, but the term “cibola” is used. Statements by Walapai 

informants are quoted or summarized by R. McKennan as: “Only a 

few buffalo ever straggled into the Walapai country ♦ ♦ * Buffalo were 

too large to hunt successfully, but in the old days the Walapai would 

now and then see a few” (in Kroeber et aL, 1935: 61, 66). Occurrence 

in California also tends to support the idea of bison ranging into south¬ 

western Utah (cf. Presnall, 1938), southern Nevada, and possibly even 

to northwestern Arizona fairly late. 

The presence of bison in Nevada in historic times has often been 

assumed but is not positively documented (Hall, 1946: 644; cf. 

Haines, 1940). Archeologically, the bison in California is known only 

(?) from the finding of two horn cores in a prehistoric site (Wedel, 

1941: 154), but ethnographic record for the presence of bison in Fassen 

county up to perhaps 1830 is impressive (Riddell, 1952; cf. Merriam, 

1926). The range of the bison in the northwest was already reduced 

by 1825-1850, and none was found in western Utah (e.g., Jedediah 

Smith, 1826, in Dale, 1918: 187; Russell, 1921: 138; but cf. Osborne, 

1953). 

A similar decline took place in southern Colorado and northeastern 

New Mexico, a region where bison were encountered from 1541 on¬ 

ward by the Spaniards, and as late as 1823-24, by Fong’s party and 

Pattie, on the upper Canadian. In the 1850’s, however, there ap¬ 

parently were no bison west of the Texas-New Mexico line. The last 
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buffalo in southeastern Colorado was killed in Baca County in 1889 

(Warren, 1910: 6). There seems to be no positive record whatever of 

recent bison in the San Luis Valley of the upper Rio Grande in south¬ 

ern Colorado, except for Warren’s reference {ibid.: 9) to finding a buf¬ 

falo skull at 11,000 feet elevation in Gunnison County (northwest of 

Saguache). Fossil bones of Bison ^daylori” have been found, however, 

along with early-type projectile points, in the San Luis Valley as well 

as in eastern Colorado, eastern New Mexico, and west Texas. 

The general picture that emerges from the rather scattered and con¬ 

fused, or at least confusing, and sometimes contradictory data, would 

seem to be one of gradual reduction of the range of the buffalo ever 

since the maximum extension in Middle Pleistocene times (Skinner 

and Kaisen, 1947) when the largest of bison species, with an 80-inch 

hornspread. Bison (or Superbison) latifrons, was to be found from 

Florida to California and from Ohio to the Valley of Mexico; other 

large but less gigantic bison, alleni and chaneyi (synonymous, rather 

than separate species, according to Schultz and Frankfurter, 1946), 

occurred in the western United States, from Kansas to California,^ as 

well as four other species in Alaska.- The gigantic species disappeared 

by a tim.e shortly after the end of the last glaciation, when bison of the 

smaller antiquus and occidentalis types occupied all, or nearly all, of 

middle and southern North America, as far south as Lower California 

and central Mexico. In the last few thousand years, B. antiquus Cday- 

lord’) became extinct as such, and B. occidentalis of the plains became, 

with further diminution in size, the modern B. bison (Skinner and 

Kaisen, 1947, and cf. Schultz and Frankfurter, 1946: 8). 

Bison disappeared from central and western Mexico, no doubt long 

before historic times. Evidently they disappeared in much of Arizona 

before the Christian era. To about 1200 or 1250 A.D., there were still 

buffalo west of the Rio Grande in western New Mexico, abundant in 

the high enclosed basin of the plains of San Augustin and perhaps occa¬ 

sional in valleys further west; undoubtedly also in Coahuila and Chi¬ 

huahua; very likely they were still present in the San Luis Valley of 

southern Colorado, and possibly to be found on the western slope of 

Colorado and in central and southern Utah, and perhaps also in 

noth western Arizona. 

The drought period of 1276-1299 A.D. may have seriously affected 

^ Evidence is adduced elsewhere, however, that B. alleni is not earlier than late 

Pleistocene and that B. latifrons is found at a lower stratigraphic level, at least in 

Idaho (Hopkins, 1951). 

2 One of which, Superbison crassicornis, has been reported from New England 

also (Romer, 1951). 
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the bison (as Dr, Remington Kellogg suggests, letter of August 8, 

1950) and other large animals, as it apparently did the human occu¬ 

pants of certain parts of the Southwest. The bison were all gone, or 

certainly very rare, by historic times, west of the Pecos River; the last 

remnants must have disappeared at various times between 1300 and 

1500 A.D. in various districts. Further south, however, west of the 

lower Rio Grande in Coahuila and northern Tamaulipas, bison sur^ 

vived to the nineteenth century. 
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Mineralogy of the ‘^Serpentine” at Pilot Knob 

Near Austin, Texas 

by E. JOSEPH WEISS AND STEPHEN E. CLABAUGH 

The University of Texas 

INTRODUCTION 

DURING late Cretaceous time a chain of volcanoes came into exist¬ 

ence along a belt extending through central Texas. Some of the vol¬ 

canoes broke forth with explosive violence in the shallow sea which 

covered the region. They built mounds of rock fragments and lava 

flows which were later buried by accumulations of limestone and 

shale. Intrusive masses of basaltic magma were emplaced below the 

surface near the volcanic centers. A few decades ago the buried vol¬ 

canic piles, which are usually called serpentine plugs, acquired un¬ 

expected economic importance when an accumulation of petroleum 

was discovered in one of them near Thrall, Texas. Several others have 

yielded oil and gas, but all of the fields have been small. 

GEOLOGY OF PILOT KNOB 

One of the mounds of volcanic material is well exposed at 

the surface about 7 miles southeast of the center of Austin (Fig. 1). 

The central hill of hard basaltic rock, known as Pilot Knob, stands 

slightly higher than the surrounding countryside. The Knob and a few 

adjacent lower hills of basalt are surrounded by soft, altered rock 

which has weathered readily to form a gentle valley rimmed to the 

north and west by limestone beds dipping away from the basalt core. 

Less than a mile north of the limestone rim Onion Creek cuts its valley 

through the capping beds of limestone into irregular layers of altered 

igneous rock fragments (Fig. 2). 

Hill (1890: 287) interpreted Pilot Knob as a marine volcano and 

described the altered rock associated with the basalt as follows: “. . . a 

soft yellow amygdaloidal exfoliating material some of-which is un¬ 

doubtedly the product of basaltic decomposition, while in other places 

it resembles volcanic ash.” He described also the “ashy layers of vol¬ 

canic debris mixed with oyster shells exposed in Onion Creek.” Kemp 

(1890) described the unaltered igneous rock as nepheline basalt. It 
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consists of small phenocrysts of olivine in a matrix of minute augite 

laths and magnetite grains (Fig, 2). Interstitial to the augite is a small 

amount of nepheline and possibly some alkali feldspar, but the rock 

contains no plagioclase. 

In a study of the igneous rocks of the whole Balcones fault region 

Lonsdale (1927) suggested that the central mass at Pilot Knob is a 

basaltic intrusion like the related laccoliths and plugs near Uvalde, He 

interpreted most of the soft associated rock as altered intrusive rock. 

Several graduate students have made studies of the Pilot Knob area 

(McKinlay, 1940; Moon, 1942), and the stratigraphic relations of the 

peripheral layers of altered igneous rock have been described by Dur¬ 

ham (1949), who indicated that the bulk of the material is volcanic 

fragments. In a recent geophysical study of the area Barnes (1954) 

determined that part of the unaltered basalt occurs in layers dipping 

away from the central knob, and he interprets these as lava flows in 

a mound of volcanic debris. 

Fragments of the altered igneous rock are incorporated in limestone 

beds above and adjacent to the Pilot Knob mass, and distinct beds of 

the altered igneous material extend 5 miles or more from the center 

of the old volcano. Small pellets of the soft greenish rock are found in 

the limestone at greater distance and some of these have been called 

glauconite. 

SAMPLES 

The fragmented and altered igneous material at Pilot Knob 

does not closely resemble rocks which are ordinarily called serpentine. 

Most serpentine rocks are moderately hard (2^/2 to 4 of Mohs scale), 

and sub-resinous to waxy. The Pilot Knob altered rock is softer, being 

easily scratched with the fingernail except where it is mixed with 

calcite, and it has a dull, earthy appearance. The following five sam¬ 

ples were obtained for X-ray investigation of the mineralogy of the 

material: 

1. PK 20: Dark green tuff composed of fine-grained fragments of altered 

igneous rock from a water well on the south side of Pilot Knob, collected 

by V, E. Barnes, Bureau of Economic Geology. 

2. PK 21: Coarse, altered fragments of igneous rock in a matrix of 

coarse-grained calcite, from a water well on the south side of Pilot Knob, 

collected by V. E. Barnes, Bureau of Economic Geology. 

3. PK 23: Altered fragments of vesicular igneous rock, microfossils, and 

calcite from a depth of 46 feet in a water well on the south side of Pilot 

Knob, collected by V. E. Barnes, Bureau of Economic Geology. 



138 THE TEXAS JOURNAL OF SCIENCE 

4. T40.16: Laminated, dark green, altered tuff in the south bank of 

Onion Creek about 100 yards downstream from Upper McKinney falls, 

21/4 miles northwest of Pilot Knob. Thin sections of the rock show plainly 

the angularity of the original ash particles. 

97045' 97°40' 

Fig. I. Index map showing location of Pilot Knob. Areas underlain by basalt and altered 

olcanic rock are stippled. 
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5. T84.80: Fragments of altered igneous rock from a limestone bed 

above a layer consisting chiefly of altered igneous rock, about 50 yards 

downstream from the county road crossing Turnersville Creek 1.4 miles 

south of Bluff Springs, about 5 miles southwest of Pilot Knob. 

Sample localities are shown on the index map. Fig. 1. 

MEANING OF SERPENTINE 

The term serpentine is commonly used both as a mineral 

name and as a rock name, although some petrologists prefer the name 

serpentinite for the rock. As a mineral name, serpentine is generally 

viewed as a sack term similar to limonite. In older texts it is presented 

as a group name for hydrated magnesian silicates with fibrous form 

Fig. 2. Diagrammatic cross section through Pilot Knob showing volcanic crater and 

composite cone built up of Cretaceous lava flows and dikes (Kl) and altered volcanic 

ash and rubble (Kv) overlain unconformably by upper Austin chalk beds (Ka), Burdit marl 

(Kb), and Taylor marl (Kt). The microscopic appearance of the volcanic rocks is shown 

in the inset circles. 
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(crysotile), platy form (antigorite), or other external structural modi¬ 

fications (bowenite, marmolite, picrolite and others). More recently 

serpentine has been used as the common name for the two minerals 

crysotile and antigorite, which are dimorphous. 

It is logical and desirable from the mineralogist’s point of view to 

restrict the mineral name serpentine to crysotile and antigorite and to 

restrict the rock name serpentine or serpentinite to rocks containing 

either or both of these minerals. But the field geologist needs a name 

for altered magnesium- and iron-rich igneous rocks, and the term ser¬ 

pentine has long been used to denote this genetic group of rocks with¬ 

out regard to the presence of crysotile and antigorite. Some workers 

(Efremov, 1953) have referred to a large number of minerals, includ¬ 

ing the clay minerals saponite and sauconite, as “serpentine min¬ 

erals.” It is not the aim of this study to attack the confusion that has 

arisen from the divergent uses of the term serpentine, but to avoid 

this confusion in describing the mineralogy of the so-called serpentine 

from Pilot Knob. 

PROPERTIES OF ANTIGORITE, CRYSOTILE, AND GLAUCONITE 

The ideal composition of both antigorite and crysotile is 

3MgO • 2Si02 • 2H2O. The formula for crysotile is generally written j 
Mgg(0H)6Si40ii • HgO because X-ray studies indicate that there are ’ j 

double chains of linked SiO^ tetrahedrons (Si4044 ratio) as in am- | 

phiboles, which accounts for the fibrous habit of the mineral. The for¬ 

mula for antigorite is written Mg6(OH)8Si4O40 to indicate the pres- | 

ence of sheets of Si04 tetrahadrons (Si404o ratio) as in micas and ! 

chlorites. X-ray patterns obtained from crysolite and antigorite are j 

•si milar but distinguishable. ! 

If the fragments of altered igneous rock deposited in marine lime- | 

stone at some distance from Pilot Knob have been converted to glau- ! 

conite, their identity can be verified by X7ray patterns. According to : 

Hendricks and Ross (1941), glauconite is a dioctahedraP illite with | 

much of the AP replaced by Fe^, Fe^, and Mg“. Glauconite, as an illite, | 

should yield an X-ray diffraction pattern showing consecutive orders 

of a basal spacing of approximately 10 angstroms. This means that the 

pattern should show a strong peak at approximately 10 angstroms, a 

weak second order peak at about 5 angstroms, a strong third order . 

1 When two-thirds of the possible octahedral sites in a three-sheet layer of a clay j 
mineral are occupied it is said to be dioctahedral. This is evidenced by the spacing ; 

of the (060) plane, which is near 1.50 angstroms in a dioctahedral clay and close , 

to or greater than 1.525 angstroms in a trioctahedral clay. i 
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peak at about 3.33 angstroms and so on. The weak second order peak 

is characteristic of trioctahedral materials, but chemical analyses of 

glauconite indicate it to be dioctahedral (Brindley, 1951: 160). 

IDENTIFICATION PROCEDURE 

The samples from the Pilot Knob area were prepared for 

X-ray study by dispersing each in water and sedimenting it on a glass 

slide to obtain parallel orientation of platy minerals. Patterns were 

obtained using a 180°-arc North American Phillips Company diffrac¬ 

tometer and Copper K oc radiation. A second diffraction pattern of 

each sample was obtained after the material was treated with ethylene 

o 
17. OA 

o 
15.4A 

Fig. 3. Diffractometer tracings of glycolated (top) and untreated (bottom) sample PK 20. 
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glycol. Bradley (1945) has shown that a criterion for identifying min¬ 

erals of the montmorillonite group is an increase in the spacing and 

an increase in intensity of the peak at approximately 15 angstroms 

when the minerals are treated with ethylene glycol. The ethylene gly¬ 

col introduced between the layers of montmorillonite causes expansion 

of the crystal lattice which shows up as larger basal spacing in the 

diffraction pattern. 

The samples were glycolated by a technique developed by George 

Brunton (personal communication) of the Shell Development Com¬ 

pany. Brunton’s technique consists of pouring ethylene glycol in the 

17. oX 

O 
15. 3A 

Fig. 4. Diffractometer tracings of glycolated (top) and untreated (bottom) sample PK2I. 
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bottom of a dessicator and placing the slide on which the sample was 

sedimented above the glycol. The dessicator is then heated to 65° C. for 

one hour. Glycolation by this method does not change the orientation 

of the mineral grains, and the patterns obtained before and after treat- 

17. oi 

-I 

! 
\. 

o 
15. 2A 

Fig. 5. Diffractometer tracings of glycolated (top) and untreated (bottom) sample PK 23. 
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merit can be compared more satisfactorily than when the sample is 

removed for glycolation and replaced on the slide. 

RESULTS 

The diffractometer tracings of the samples are presented in 

Figures 3, 4, 5, 6, and 7. The bottom half of each figure is the tracing 

for the untreated sample, the top half represents the same slide after 

treatment with ethylene glycol. The peak at approximately 3.05 ang¬ 

stroms is caused by calcite impurity in the samples. The tracings for 

all samples are similar, therefore only the pattern of sample P.K. 20 

(Fig. 3) will be considered in detail. Its most conspicuous character- 

, o 
16. 8A 

O 
14. 94 

Fig. 6. Diffractometer tracings of glycola+ed (top) and untreated (bottom) sample T40.16. j; 
I 
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istic is a strong peak at approximately 15.4 angstroms, all other peaks 

being relatively weak. The intense peak in the region of 15 angstroms 

and the relative heights and positions of other peaks indicate mont- 

morillonitic material. The upper tracing shows that glycolation ex¬ 

panded the basal spacing from about 15.4 to 17 angstroms, an increase 

of 1.6 angstroms, and the peak is more intense and better resolved. 

This is characteristic of minerals of the montmorillonite group. The 

upper half of Fig. 3 also shows a new peak at approximately 8.4 ang¬ 

stroms, the second order of the expanded basal spacing. The other fig¬ 

ures show similar expansion of the basal spacing as recorded below: 

I 16. 4 A 

14. 7A 

V- 

• 

Fig. 7. Diffractometer tracings of glycola+ed (top) and untreated (bottom) sample T84.80. 
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Sample U ntreated Glycolated 

PK 20 15.4 angstroms 17 angstroms 

PK21 15.3 17 

PK 23 15.2 17 

T40.16 14.9 <17 

T84.80 14.7 >16 

The diffraction tracings also show an (060) spacing at 1.53 or 1.54 

angstroms, which indicates the montmorillonitic mineral to be a non- 

tronite (iron-rich montmorillonite) or a saponite (magnesium-rich 

montmorillonite). Three chemical analyses of the altered igneous rock 

from Onion Creek, adjacent to Pilot Knob, are presented in Table L 

The high ferric iron content of two of the rocks indicates that the 

mineral is chiefly nontronite. The interplaner spacings of nontronite 

and of sample T40T6 are compared in Table IL 

TABLE I 

Chemical Analyses of Three Sample of Altered Igneous Rock from Onion Creek, 

Travis County, Texas; Univ. Texas Bull. 6'6, p. 42, 1916. 

1 2 3 

SiO, 31.50 27.00 20.74 

10.15 11.47 10.21 

Fe,03 9.58 8.89 14.04 

FeO 4.14 4.28 2.86 

MgO 14.24 5.53 3.11 

CaO 6.76 14.25 20.48 

Na^O 0.29 0.40 0.30 

K,0 0.10 0.21 0.41 

CO, 4.40 10.00 

soj 
0.55 0.48 0.62 

P205 
0.51 0.64 trace 

0.56 0.75 0.52 

H30+ 12.52 10.86 8.90 

H,0- 9.44 11.30 8.10 

Total 100.34 100.46 100.29 

CONCLUSIONS 

1. The greenish material in the rocks produced by altera¬ 

tion of fragmental basalt at Pilot Knob is a clay mineral of the mont¬ 

morillonite group, as indicated by X-ray diffraction pattern and lat¬ 

tice expansion when treated with ethylene glycol. The chemical com¬ 

position of the rocks indicates that the mineral is chiefly nontronite. 
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TABLE II 

Comparison of Diffraction Patterns of Nontronite (Gruner, 1935) and of Sample 
T40.16 

Nontronite T40.16 

Interplanar 

Distance Intensity 

Interplanar 

Distance Intensity 

13.9 6 14.8 10 
7 ind 7 ind 
4.97 1/3 
4.50 ■ 4 4.6 3 
3.42 1-2 3.5 2-3 

3.04 ind 
2.80 0.5 
2.521 2vb 2.52 2-3b 
2.2 ind 
1.716 0.5-1 1.70 1 
1.670 1 
1.629 0.5 
1.517 3 1.54 vb 
1.478 1 
1.305 lb 
1.282 0.5 
1.260 1 

j3= line caused by radiation 

b== broad line 

vb= very broad line 

ind= indistinct line 

2. Detrital grains of the greenish mineral incorporated in limestone 

at some distance from the volcanic source do not yield the X-ray dif¬ 

fraction pattern for glauconite, but the montmorillonite type pattern 

is less distinct, possibly indicating an adjustment toward equilibrium 

with marine environment. 

3. The name serpentine should not be used for this rock without 

further explanation of what the user means by the term. If serpentine 

is restricted (as it commonly is) to the dimorphous minerals antigorite 

and crysotile, and to rocks containing one or both of these minerals 

I (preferably called serpentinite to indicate that it is a rock name), the 

I Pilot Knob material is not serpentine. If the term serpentine is used to 

i denote any altered iron- and magnesium-rich igneous rock, and the 

i hydrous iron and magnesium silicates that occur in such rocks, the 

^ Pilot Knob material may be so designated. 

4. The behavior of central Texas oil and gas “serpentine” reser- 

j voirs should be re-examined in the light of the discovery that similar 
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“serpentine” at Pilot Knob is montmorillonite. For example, it is pos¬ 

sible that water-flooding causes swelling of the clay and entrapment 

of part of the oil and gas. Treatment of the reservoir rock with suitable 

reagents may alter the behavior of the clay and facilitate recovery. 
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Origin of the Pinnacles on the Continental 

Shelf and Slope of the Gulf of Mexico 

by T. R. GOEDICKE 

A. and M. College of Texas 

ON THE Continental shelf and on the Continental slope of the Gulf 

of Mexico, there are many unusual pinnacles. These are concentrated 

on the continental slope, especially between the fifty and one hundred 

fathom lines. None of the other continental shelves of the North 

American continent, which have been surveyed in detail, shows such 

a variety of topographic features which have such an unusual amount 

of relief. 

These pinnacles, as they have been termed, are found along the 

continental slope and to a certain extent on the shelf from the mouth 

of the Mississippi River to a point east of Corpus Christi. This area is 

shown in Figure 1, which illustrates the relatively great concentration 

of the pinnacles in a band extending almost east and west and between 

solid. 

the contour lines indicating depths of fifty and one hundred fathoms. 

Examination of this hydrographic chart suggests that the pinnacles on 

149 
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the shelf are rather small in a real extent and have low relief, whereas 

those on the continental slope are larger and show considerable relief. 

The best examples of these pinnacles are situated in an area south¬ 

east of Galveston between 93°30' and 94°00' west longitude and 

27°45' and 28°00' north latitude. In this particular area there are two 

which have maximum relief in excess of 300 feet, flat tops, and steep 

sides. The westernmost has a depression in the top which is open to 

the northeast (Fig. 2). A little to the east of this particular area and 

Fig. 2. Detailed topography of two pinnacles near the edge of the continental shelf 

southeast of Galveston (after Carsey, 1950). 

situated also between the fifty and one hundred fathom lines there are 

a number of other pinnacles which do not show such great relief or 

steep slopes. They are situated in an area of unusually rough topog¬ 

raphy and are separated by submarine valleys, which are thought by 

some to have a genetic connection with the pinnacles. The most out¬ 

standing topographic feature east of these pinnacles is the Mississippi 

submarine trough. This feature has been discussed in some detail by 

Shepherd (1937) and is located a considerable distance west of the 

present mouth of the Mississippi River. 
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In considering the origin of these pinnacles it is well to consider the 

history of thought on these topographic features. Relatively little was 

known about the topography and structure of the continental shelf of 

the Gulf of Mexico before 1936. Detailed analysis of regional geo¬ 

physical surveys on the land areas of Texas and Louisiana, however, 

in combination with marine gravity work in the Gulf of Mexico, sug¬ 

gested that the zoning of the salt domes parallel to the coast must be 

attributed to basement structures. These basement structures may have 

antedated the deposition of the salt series and controlled its thickness 

and distribution as well as that of subsequent sediments. 

In 1936, the U. S. Coast and Geodetic Survey carried out a rather 

detailed fathometer survey of the Gulf of Mexico from the Mississippi 

River westward. During the course of this survey, detailed fathometer 

traverses were made across the Mississippi submarine trough as well 

as across topographic features which were suspected to be at the edge 

of the shelf. 

The results of this detailed survey were analyzed by Dr. Shepherd 

(1937) and he was the first to postulate that the pinnacles originated 

by the intrusion of salt into the sediments. He also postulated that the 

rather abrupt edge of the shelf had its origin in faulting, as well as 

that the submarine valleys which are found at the edge of the shelf 

were probably caused by the salt domes and by the depressions be¬ 

tween them. The same tectonic origin was attributed to the edge of the 

Mississippi submarine trough. 

A rather different view is held by Paul Weaver (1950), who made 

a careful analysis of the Gulf as a whole. He concluded that the con¬ 

tinental shelves are necessarily a geographical unit with the adjacent 

coast lines; furthermore, he proves, from a study of the topography of 

the continental shelf and the continental slope in conjunction with 

the topography of the adjacent land, that there is a fairly close relation¬ 

ship between the three. In his paper Weaver states that the fairly 

abrupt edge of the shelf and the fact that it is remarkably straight 

over a considerable distance suggest that this edge is a tectonic feature. 

This is illustrated especially by those portions of the shelf which are 

situated off Florida and off the Yucatan peninsula. In discussing the 

topographic features situated at the edge of the shelf. Weaver con¬ 

cludes that these must be of fairly recent origin and have been formed 

beneath the water. 

A specific discussion of some topographic features along the edge of 

the continental shelf between the Mississippi River and the coast of 

Tamaulipas, Mexico, was presented by Carsey at the meeting of the 
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American Association of Petroleum Geologists in Mexico City in 1948 

(Carsey, 1950). In this paper, Carsey suggests that the continental 

shelf is due to wave planation following a sea-level lowering of 70-80 

fathoms. He further concurs with Shepherd in stating that the can¬ 

yons at the edge of the continental shelf are either due to subaerial 

erosion or due to submarine erosion in shallow water immediately off 

the mouths of heavily laden streams. 

In discussing the pinnacles on the continental shelf, Carsey sug¬ 

gests that some might be of volcanic origin, and others be due to salt 

intrusion. The remarkable relief of these features is attributed to 

erosion at the time of lower sea level. Some minima near the coast of 

Louisiana can be correlated with topographic features having low re¬ 

lief. No gravity data are, however, available for any of the pinnacles 

near the edge of the shelf because of the difficulty involved in lowering 

a gravity meter to a depth of 60 to 70 fathoms. 

The latest published information on the pinnacles on the shelf is 

by Stetson (1953), who discusses the results of the cruise of the Woods 

Hole Oceanographic Institution’s vessel Atlantis made in 1947. Stetson 

concludes that: 

1. The continental shelves are depositional features which are gradu¬ 
ally built out from the shore. 

2. That faulting at the edge of the shelf, if present, is the result of sedi¬ 
mentation and submarine slump. 

3. That the pinnacles at the edge of the shelf have the appearance of 
bioherms and are found to have considerable coral growth upon them. 
They are found to be bare of the usual sediments deposited on the con¬ 
tinental shelf and slope, and their periphery is covered with lime debris 
apparently eroded from the upper part of the pinnacles. In comparing these j 
pinnacles with bioherms, Stetson concludes that they are not erosional | 
remnants and are therefore excellent evidence against the postulated sea- | 
level lowering in excess of 50 fathoms. They may quite possibly have origi¬ 
nated since the world-wide sea-level lowering of 100 meters during the ! 
Pleistocene. In the very recent past it has been suggested again that some, ; 
if not all of the pinnacles, may be due to volcanic action localized along | 
a tectonic break. ' 

In considering all of the above reflections in connection with the ge- | 

ology and topography of the shelf, and the most recent geological and ' 

geophysical evidence, we must come to the conclusion that the pin- , 

nacles are mainly due to tectonic activity and partially due to differen- I 
tial erosion. ! 

The line of evidence which points to the tectonic origin of these | 

features is that recent geophysical work has revealed the presence 

of numerous large faults that are parallel to the coast. The presence | 
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of these faults has been verified by drilling at or near the coast line, 

and these faults have been found to have throws of considerable magni¬ 

tude. Reflection seismic surveying has proven that this fault pattern 

extends to a distance of at least 20 miles from the shore line. Major 

trends of faulting are definitely known in an area between Freeport 

and the Mexican border, and in an area extending a considerable dis¬ 

tance off the Louisiana coast in the vicinity of Morgan City. Most of 

the faults are parallel or subparallel to the coast and are normal with 

the downthrown side to sea. The major faults are connected by minor 

adjustment faults. One striking feature of these faults is that the throw 

increases downward in the geologic section and that the minimum 

throw is of the order of 500 feet. 

Another characteristic of these faults is that they may change along 

strike from a fault which is down to the sea to a fault which is down 

to the land. ThisTs especially true of faults in southwest Texas and 

has recently been discussed in a paper by Quarles (1953). Still another 

characteristic of these faults, which is emphasized in this paper and 

has been observed by many seismologists, is the very prominent re¬ 

versed drag, displayed by beds adjacent to the fault plane. Quarles 

has a very interesting hypothesis to account for these faults. This 

hypothesis, which agrees very well with regional structures, pos¬ 

tulates that the faults are the result of adjustment of the sedimentary 

column to stresses caused by the building-up of salt ridges. The pres¬ 

ence of these salt ridges was suggested as early as 1942 by Neumann, 

who discussed the results of early torsion balance and pendulum sur¬ 

veys on the Gulf Coast. These gravity surveys indicate the presence of 

a positive gravity anomaly just inland from, and parallel to, the coast 

near Galveston and Matagorda bays, and suggest the possible presence 

of another positive gravity anomaly just off the coast and parallel to 

the first one. These gravity highs are a reversal of the normal coastal 

gravity minimum and are interpreted by Neumann as being thresh¬ 

olds in the pre-salt basement, which are reflected in relative salt thick¬ 

ness. This is in direct agreement with the theory of faults and salt 

ridges and the data gained from recent seismic measurements. 

It is interesting to note that some of the faults discussed above have 

been found to be active at the present time and to have a considerable 

degree of motion. Two such faults which are active at the surface, 

and also known from well data, are situated in the Hitchcock-Texas 

City area. 

In view of the general picture, it seems reasonable to assume that 

the pinnacles on the continental shelf as well as the pinnacles on the 
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continental slope and their associated valleys are all of fairly recent 

origin and have a genetic connection with these tectonic movements. 

The rather steep slopes of the pinnacles which are situated on the con¬ 

tinental slope between the 50-fathom and the 100-fathom line suggest 

that they are tectonic, and is good evidence against a volcanic origin. 

All of the volcanos which are found on the adjacent coast in Mexico 

have the characteristic gentle slopes caused by the extrusion of lavas 

of intermediate to basic composition. 

In analyzing these pinnacles, it is best to compare them with a 

geologically similar area where the conditions are well known. Such an 

area is situated in the southwestern part of the Persian Gulf, where 

salt domes are found to be extrusive on land and to form islands in 

the Gulf. 

Figure 3 is an index map of part of Persia showing the location of 

the salt dome area and most of the domes. The domes are located 

tectonically in front of a series of overthrust nappes formed during 

the middle and late Tertiary orogeny. The front of the foremost of 

the nappes is shown on Fig. 3. The salt plugs are intrusive into all 

sediments up to the late Tertiary, and the mother salt bed is appar¬ 

ently of middle Cambrian age. This age determination is based upon 

the presence of Cambrian trilobites in sediments of the Hormuz series 

which accompanies and often lies upon the salt of the domes (Rich¬ 

ardson, 1928). 

Most of the Persian salt domes have a sedimentary cover which is 

intact. Many have reached the surface and the salt flows off in the 

form of salt glaciers. Some have been breached by erosion and these 

show a circular or semi-circular rim of steeply dipping sediments sur¬ 

rounding a center of rock salt and erratic blocks of the Hormuz series. 

The best example of this is given by the island of Hormuz itself. 

Almost 80% of the island consists of a central core of rock salt. This is 

surrounded by a narrow rim of Hormuz sediments which have a ver¬ 

tical dip or are even overturned due to the effect of the salt intrusion. 

The geological relations at Hormuz island and at other salt domes in 

the vicinity are shown on Fig. 4. The lower member of the Hormuz 

series consists mainly of rock salt and is shown by a dotted pattern. 

This is overlain by a dolomite-anhydrite member shown in black and 

a member consisting of volcanics and gypsum. This latter is shown by 

a pattern of small circles and is found to surround the salt not only in 

the case of Hormuz island, but also at the salt domes of Namakdan 

and Bostaneh. 

Fig. 5 shows the salt plug at Kuh-I-Irche, which is situated some dis- 
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Fig. 3. Index map of part of the Persian Gulf showing salt plugs. The solid line to th« 

northwest of the salt domes indicates the front of the nappes (after Richardson, 1928). 
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and Bostaneh (after Richardson, 1927). 

tance inland from the salt domes mentioned before, and is most typi¬ 

cal of that type of Persian salt dome which has penetrated the center 

of an elongated anticline of younger rocks. Erosion has removed some 

of the salt member of the Hormuz series, leaving a depression filled 

by rock salt upon which are erosional remnants of Hormuz sediments. 

A comparison of the cross section of this Persian salt plug with the 

lower part of Fig. 6, which is a profile across the westernmost of the 

two pinnacles off Galveston, suggests a striking similarity. From this, 

H = Horiitus Rockn. 

Fig. 5. Map and cross section of salt plug at Kuh-I-Irche in Laristan, southern Persia 

(after Harrison, 1930). 
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Fig. 6. Cross sections across the two pinnacles at the edge of the continental shelf 

southeast of Galveston (after Stetson, 1953). A, NE-SW section across pinnacle at N. Lat. 

27° 54', W. Long. 93° 35', B, E-W section across pinnacle at N. Lat. 27° 53', W. Long. 

93° 49'. 

and from the fact that the pinnacle lies in a known salt dome area, 

there arises the suggestion that the pinnacle is a salt dome which has 

been breached by erosion on the north-northeast side. This suggestion 

is emphasized upon examination of Fig. 2. 

During the early part of this year a seismic refraction profile was 

observed in this general area by Ewing of Columbia University, and 

although results were somewhat inconclusive, high velocities were 

found to be present. The velocities encountered were of the general 

order of magnitude of velocities found in salt dome areas on the Gulf 

Coast (J. L. Worzel, personal communication). 

The center of the geosyncline itself appears to be a little further to 

sea than previously estimated, according to further evidence from seis¬ 

mic refraction measurements made by Dr. Ewing. These measure¬ 

ments revealed the maximum thickness, of low velocity material to be 

slightly to landward of the 100-fathom line, rather than near the coast, 

as previously postulated. 

An analysis of the combined data of the seismic and gravity meas¬ 

urements suggests that the gravity maximum along the coast between 

Galveston and Matagorda bays is a structural high in the basement 

below the geosyncline. This high may antedate the deposition of the 

salt series, and may have had a controlling effect upon it, as well as 

upon the location of possible salt ridges and associated faults. 
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If this is correct, it suggests an analogy between that part of the 

Gulf coast geosyncline situated near Galveston, and the North Ger¬ 

man salt basin. In the case of the latter, pre-salt horsts have deter¬ 

mined the alignment of domes along their sides, where step-faults 

facilitated salt intrusion. 

It is suggested that the pinnacles between Galveston and the con¬ 

tinental slope, the numerous pinnacles on the slope itself, and the 

intensive faulting along the coast, have a genetic connection with the 

basement highs and salt ridges suggested by geophysical data. 

The verification of this theory will, of course, have to wait until 

further seismic refraction measurements are made in the area between 

the coast and the edge of the continental shelf, as well as on the con¬ 

tinental slope. 

A program for detailed exploration of this area should be based 

mainly on seismic refraction data with the aid of: 

1. Salinity measurements of bottom water samples and sediment cores 

obtained in the vicinity of the suspected “salt domes.” High salinity should | 

be encountered if salt is close to the surface. j 

2. Gravity work to establish some general structural trends and to add i 

to the picture of torsion balance work made by Neumann. It is doubtful, I 
however, if gravity work would differentiate between igneous intrusions ; 

and salt domes in this area because of the relatively low density of the : 

sea-floor sediments. ! 

The above measurements should furnish much valuable informa- ' 

tion on the structure of the Gulf Coast geosyncline and the location of j 

future oil resources on the continental shelf. I 
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Value of Rapes as Fodder 

by SULTAN AHMAD TREMAZI 

Agricultural College and Research Institute, Lyallpur, Pakistan 

INTRODUCTION 

ONE of the most important developments in the science of nutrition 

has been in our knowledge of the importance of the part played by 

mineral ingredients in the rations of animals. Recent investigations 

have shown that the amount of calcium and phosphorus and some 

other minerals, when present even in small quantities, play an impor¬ 

tant role in determining the value of food for feeding purposes. The 

lack of these minerals in the food is harmful to skeleton formation. 

Olver (1933) has stated that one of the fundamental causes of degen¬ 

eration of stock and loss to stock owners is defective nutrition due to 

ill-balance or actual deficiencies of essential food requirements, 

Orr (1929) has also summarized the importance of minerals in 

foodstuffs, but while their importance is now well understood by all 

workers in the field of animal welfare, our knowledge of the subject 

relating to the fodders, natural and cultivated in India and Pakistan, 

is rather scanty. Lander (1937) studied the mineral content of Indian 

fodders, but crops described in this paper were not included, as these 

have only recently been evolved. During the last few years a number 

of new varieties of oleiferous Brassicae have been evolved in the Oil¬ 

seeds Section at Lyallpur. Some of these yield high tonnage of green 

fodder and are being recommended for that purpose. The data pre¬ 

sented herein give information on the chemical and mineral compo¬ 

sition of such varieties obtained during the years 1944-45 and 

1945-46. 

MATERIAL AND METHOD 

The material for these investigations was obtained from 

brown-seeded sarson (Brassica compestris L., var, dichotoma watt), 

Raya L-18 and 27 {Brassica juncea H. F. & T.), light-green and dark- 

green leaved sarson varieties (forms of Japan rape). Estimations of 

moisture, nitrogen, ash, calcium and phosphorus were made in various 

parts of the plant, viz., stem, branches, leaves, flowers and buds and 

developing pods, as well as in the composite samples of whole plants of 

these crops at various stages of growth. For this purpose plants were 
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removed from each plot between 9 to 10 a.m. on each day of sampling 

and were divided into respective parts. The methods employed for the 

chemical and mineral analyses of these crops were those outlined by 

Association of the Official Agricultural Chemists, U.S.A. (1940). 

DISCUSSION OF RESULTS 

The average results for both years the experiments were in 

progress have been presented in Table I. The following general con¬ 

clusions can be drawn from these data: 

(a) The amount of various ingredients, viz., ash, nitrogen, calcium and 

phosphorus, irrespective of species and plant parts (stems, branches, leaves, 

flowers and buds as well as in the whole plants), is highest at the pre¬ 

flowering stage. A conspicuous feature is the general diminution of these 

with the growth of plant. 

(b) Among the various species studied it will be observed that the dif¬ 

ferences in the case of brown sarson, Raya L-18, and light-green leaved 

Japan rape are not perceptible; but in the case of Raya L-27 and dark- 

green leaved form of Japan rape, the figures for various ingredients in 

various parts as well as in the whole plants are somewhat lower, espe¬ 

cially at blooming periods, as compared with the former crops. All these 

five varieties are usually sown about the same time. Raya L-27 and the 

dark-green leaved form of Japan rape are somewhat late types and come 

to flowering when the plants are comparatively thick and fibrous as com¬ 

pared with the former crops, and hence they are comparatively poorer in 

composition. 

(c) It will be observed that at all stages of development the leaves con¬ 

tain the highest amount of calcium as compared with other parts. Flower 

buds and pods, on the other hand, contain a higher amount of phosphorus 

at various stages of their growth. It will also be noted that the plants and 

various parts of these crops contain a far greater amount of calcium than 

phosphorus at the different stages of growth. Based on this high amount 

of calcium, an attempt has been made to compare these varieties with 

berseem (Trifolium alexandrinum). The farmers feed these crops when 

the plants are fully grown (in mid-blooming stage). This stage has been 

found to compare favorably with berseem as regards composition. The 

figures for various ingredients in berseem as well as in the mid-blooming 

stage of these crops are given in Table II. 

SUMMARY 

The mineral composition of brown sarson, Raya L-18, and 

L-27, and both dark- and light-green leaved forms of Japan rapes has 

been determined. It has been seen that the amount of various ingredi¬ 

ents (ash, nitrogen, calcium, and phosphorus) is highest at their 

young stages of growth in the various plant parts, the leaves contain¬ 

ing the highest amount of calcium as compared with the other parts. 
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TABLE II 

The percentage of various ingredients in the mid-blooming stage of various oleifer- 

ous Brassicae and berseem on dry basis. 

Crops Nitrogen Calcium Phosphorus Dry matter 

Berseem 2.83 2.10 0.242 18.0 

Brown sarson A 2.44 1.92 0.356 13.2 

Raya L-18 2.52 1.70 0.222 16.9 

Raya L-27 

Dark green 

1.52 1.27 0.294 21.1 

leaved sarson 

Light green 

1.86 0.99 0.229 11.2 

leaved sarson 2.19 1.36 0.242 13.0 

In barani areas, where berseem cannot be grown, these other varie¬ 

ties which are successfully grown there can, therefore, be recom¬ 

mended as fodder crops. 

The flower buds 'and pods contain the highest amount of phosphorus 

at various stages of growth. 

The various plant parts in the mid-bloom period of these crops— 

a stage when they are ready for fodder—have been found to compare 

very well with berseem as regards their composition. In barani areas, 

where berseem cannot be grown, these varieties can be recommended 

as fodder crops. 
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The Physico-Chemical and Biological Features of Lake 

Texoma (Denison Reservoir), Oklahoma and 

Texas: A Preliminary Study 

by JAMES E. SUBLETTE 

Northwestern State College, Natchitoches, Louisiana 

INTRODUCTION 

ACCORDING to Ellis’ (1941) classification of impoundments based 

on size and depth, Lake Texoma is grouped with the larger and deeper 

types such as Elephant Butte Reservoir and Norris Lake. The knowl¬ 

edge of such large reservoirs is very slight, particularly those of the 

southwestern United States, when compared to the limnological stand¬ 

ards of natural lakes of the United States and North Europe. 

This study presents the physical and chemical limnological features 

of the impoundment together with lists of the planktonic and macro¬ 

scopic benthic organisms. The physico-chemical data presented here 

were taken to supplement the bottom faunal data which constituted 

the main objective of the study. 

The literature pertinent to southwestern impoundment limnology 

has been presented as a resume in the author’s manuscript dissertation 

which is on file at the University of Oklahoma Library. 

This report embodies part of the material presented as a dissertation 

to the Graduate College of the University of Oklahoma in partial ful¬ 

fillment of the requirements for the Doctor of Philosophy degree. It 

was made possible by a research fellowship from the Oklahoma Game 

and Fish Council and was subsidized by the U. S. Army, Corps of 

Engineers, a member agency of the Council. Appreciation is expressed 

to that organization. Dr. A, O. Weese, Department of Zoology, Uni¬ 

versity of Oklahoma, directed the research. His invaluable assistance 

is gratefully acknowledged. The Department of Zoology, University 

of Oklahoma, the University of Oklahoma Biological Station, and the 

U. S. Army, Corps of Engineers, contributed much needed equipment 

and supplies. The author wishes to express his thanks to Dr. Carl D, 

Riggs, who made available the facilities of the Biological Station dur¬ 

ing the latter part of the study. Thanks and appreciations are expressed 
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to the following specialists: Dr. Henry Van der Schalie, University of 

Michigan, determination of Pelecypoda; Mr. R. Tucker Abbott, U. S. 

National Museum, determination of Gastropoda; Dr. Herbert H. Ross, 

Illinois Natural History Survey, confirmation of most of the Trichop- 

tera determinations; Dr, G. H. Rick, Tulane University, and Mrs. L. K. 

Gloyd, Illinois Natural History Survey, Odonata (Anisoptera) de¬ 

terminations; Dr. Leslie Ellis, Mississippi State College, Hemiptera de¬ 

terminations; Dr. Lewis Berner, University of Florida, Ephemeroptera 

determinations. To Mr. H. Francis Timmons grateful acknowledg¬ 

ment is made for assistance in taking samples. To my wife, Mary Smith 

Sublette, especial thanks are due for indispensable aid in many fea¬ 

tures of the investigation, Dr. Harold M. Hefley, Mississippi Southern 

College, read the manuscript and made helpful suggestions. 

GENERAL FEATURES OF LAKE TEXOMA 

Lake Texoma is utilized primarily for flood control and hy¬ 

droelectric power.' The reservoir, an impoundment of the Red River, is 

formed by Denison Dam five miles northwest of Denison, Texas, and 

lies in Love, Marshall, Johnson, and Bryan Counties, Oklahoma, and 

Cooke and Grayson Counties, Texas. The impounding project was com¬ 

pleted in July, 1942, by the Denison District, Corps of Engineers (con¬ 

solidated with the Tulsa District on April 1, 1945). The reservoir was 

first filled to the top of power pool, elevation 617 (feet above mean sea 

level), on March 15, 1942. Denison Dam is the largest earth-fill dam in 

the world. It consists of a main rolled earth-fill embankment 19,200 

feet long, a 6,000 foot dike extension, a concrete spillway, outlet works 

and a powerhouse. Maximum base width of the main embankment is 

1,145 feet, maximum height is 165 feet, and crest width 40 feet at ele¬ 

vation 670. At the spillway crest the reservoir would extend up the Red 

River Arm about 80 miles and the Washita River Arm, 65 miles. Maxi¬ 

mum water depth at this elevation (spillway crest elevation 640) would 

be 120 feet, the surface area would be 144,000 acres and the total ca¬ 

pacity would be 5,718,900 acre-feet. To date the reservoir has never 

reached the spillway crest. Normally, the water level is maintained 

near the elevation 617. At this elevation the surface is 94,874 acres, 

the capacity is 3,005,000 acre-feet and the shore line is 580 miles, 

Lake Texoma ranks ninth among the reservoirs of the United States 

in capacity and sixth in area (including reservoirs under construc¬ 

tion). 
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The drainage basin^ upstream from the reservoir comprises the 

watersheds of both the Red and Washita Rivers, and is roughly dia¬ 

mond-shaped. The source of Red River is a number of intermittent 

streams in the semi-arid Staked Plains region of the Texas Panhandle 

near the New Mexico border. The total drainage area above the dam is 

38,291 square miles. 

The drainage basin of Lake Texoma lies within areas which vary 

considerably in climatic conditions. Normal rainfall for the watershed 

varies from 16.81 inches at Hereford, Texas (semi-arid steppe) to 

42.52 inches at Sulphur, Oklahoma (sub-humid grassland). The nor¬ 

mal average rainfall for the watershed above the dam site is 26.93 

inches. 

APPARATUS AND METHODS 

A preliminary study was made during June and July, 1949, 

and constitutes the source of most of the distributional data on the ben¬ 

thic species. It was followed by a seasonal study from June, 1950, to 

May, 1951. During the preliminary two-month period eight stations 

were sampled (Fig. 1). A six-inch square Ekman dredge was used as a 

bottom sampler, except for six dredgings taken with a nine-inch square 

Ekman dredge. During the preliminary study only one dredging was 

taken per sample, with samples taken at random at each location. A 

total of 83 samples was taken during this period of the study. Each 

dredging sample was placed in a two-gallon pail and transferred to 

shore for screening. Three screens were utilized at first, a U. S. Sieve 

series size number 16, a number 30, and a number 50. The number 16 

and 50 screens were soon discarded when it was found that the num¬ 

ber 16 did not improve the efficiency of the method and that only ! 

organisms approaching microscopic size passed through the number ■ 

30 screen. Early in the investigation the organisms were removed ! 

from the screening residue while alive. Later, all samples were first 

preserved in formalin before any attempt was made to separate organ- , 

isms from debris. By proper manipulation of light and dark back¬ 

grounds as large a recovery was obtained as with the live removal 

method and in a shorter time. After removal from debris the organ¬ 

isms were sorted, counted and then preserved in seventy per cent al¬ 

cohol for specific determination and volumetric measurement accord¬ 

ing to a method described by Ball (1948). ' 

I 
^ Summarized from Report of S<sdimentation Survey^ Denison Dam and Reservoir '' 

(Lake Texoma) Red River Basin Annon. Kept., Corps of Engineers, U.S. Army, 

Tulsa District, Tulsa, Oklahoma. June, 1950. | 
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Fig. I. Lake Texoma, showing the top of the flood control pool (M.S.L. 640) and the 

conservation pool level (M.S.L. 617). The location of the University of Oklahoma Biological 

Station is shown by the abbreviation U.O.B.S. The 1949 collecting stations are shown by 

Roman numerals. 

In addition to the bottom samples certain other limnological data 

were taken.^ These were obtained from analyses for dissolved oxygen, 

carbon dioxide, carbonates, pH, temperature, and light penetration. 

All water samples were taken with a two liter modified Kemmerer 

water sampler. Temperature was measured by a Negretti and Zambra 

reversing thermometer. Chemical analyses were conducted according 

2 These analyses were made for the research unit by Mr. Jackson Hill, assisted 

in part by the author. 
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to the procedures outlined by Welch (1948). After comparing data for 

carbon dioxide with a graph plotted from the data given by Moore 

(1939) it appeared that the error in the analytical procedure was too 

large. The figures for carbon dioxide used in this paper were there¬ 

fore calculated from the pH values and total alkalinity (Moore, 1939). 

Hydrogen ion concentration was obtained with a Hellige disc com¬ 

parator. Light penetration was measured with a Secchi disc. 

Aquatic vegetation was sampled in two ways: (1) rapid seining 

through clumps of vegetation with a fry seine; (2) removing the vege¬ 

tation in toto in five gallon cans to the laboratory for examination. 

Seasonal succession was studied by sampling along a transect near 

the mouth of Buncombe Creek Bay (Station VI, Fig. 1) located a few 

hundred yards up the bay from the University of Oklahoma Biological 

Station (U.O.B.S., Fig. 1). In June and July, 1950, to determine the 

nature of the substratum for a seasonal study, the Buncombe Creek 

transect was sampled and the dredgings analyzed for sediments (Bou- 

youcus method, Bouyoucus, 1936), for organic carbon (Walkley and 

Black method, Piper, 1942), and for bottom organisms. On the basis of 

preliminary findings three stations were selected along the transect, 

one on the west bank near the limits of the aquatic vegetation at a depth 

of 2.5 to 4.5 meters, one in the main channel at 12 meters and one on 

the east bank at 3 to 6 meters. These stations were sampled regularly at 

approximately two-week intervals during the first half of the seasonal 

study and monthly during the latter half. In addition, two other situa¬ 

tions were sampled at irregular intervals; the 4 to 10 meter zone on the 

west shore, and the 1 to 3 meter zone on the east shore. All quantitative 

determinations of the benthic organisms during the seasonal study 

(June, 1950-May, 1951) were made using samples obtained with the 

six-inch square Ekman dredge. For the shallow water stations each 

sample consisted of 4 dredgings while the deep water sample consisted 

of only 3. A total of 267 dredgings making up 75 samples was utilized 

for the seasonal study. 

The water level of Lake Texoma has rather wide seasonal fluctua¬ 

tions (Fig. 2). To offset this, sampling at marginal stations was done 

by depth and not by location. For example, the west shore would first 

be sounded. When the 2^/2 to 3 meter contour was located, the sample • 

would be taken. It was assumed that most of the fauna migrated with a 

change in water level. This was later verified by observations and by 

the substantiating work of Moon (1940). 

In order to identify the insect components of bottom fauna it is 

usually necessary to have the adults at hand since, in many instances. 
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specific identification is impossible from immature stages. Two pro¬ 

cedures have been reported; the immature stages have been reared; 

and the tent-trap method has been used (Needham, 1908; Adamstone 

and Harkness, 1923; Ide, 1940; Scott and Opdyke, 1941; and Miller, 

1941). 

During the present study adult insects were caught by light traps 

and in sweep net collections. Light trap samples were obtained with 

nine Public Health Service Mosquito light traps (New Jersey type) 

operated at hourly intervals in sequence from 8 p.m. to 5 a.m. nightly 

from July 6 to September 1, 1950. From September to November 15, 

all the light traps were operated at hourly intervals one night a week. 
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During February, March, April, and May, one trap was operated from 

8 p.M. to 5 AM. once a month. Pupal exuviae were taken at the water’s 

edge by straining the surface with a very fine screen. The adults were 

then associated with the immature stages collected by dredging, and 

the pupal exuviae taken at the water’s edge. 

Fig, 3. Water levels since impoundment through June, 1951. The periods of study are 

indicated by arrows. Monthly means are plotted to give seasonal levels. 

PHYSICO-CHEMICAL CHARACTERISTICS 

Physical Features. Lake Texoma has a very irregular shore 

line, produced by the inundation of the many small ravines and val¬ 

leys that formed the margins of the Red and Washita River Valleys. 

This irregularity is reflected in the lengthy shore line (580 miles at 

617 M.S.L.). Texoma is rather shallow compared to many large reser- 
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voirs. The maximum depth of the reservoir (29 meters) is at the main 

pool just above the dam with deeper portions extending up the old 

drowned river channels, which are about 18 meters deep in most 

places. The area covered by these is very small, and most of the lake 

is less than 13 meters deep. 

Normally the flood control pool (surface elevation, 640 M.S.L.)^ is 

kept empty to be available for temporary storage and control of floods. 

The power draw down (conservation) pool (surface elevation, 617 

M.S.L.) is the usual operating level of the reservoir. The surface level 

fluctuates as necessary to produce power. Water levels for the period 

of seasonal study are given in Figs. 2 and 3.* The water level was 

highest in the late spring and summer, with the low level occurring in 

winter and early spring. This sequence is fairly typical as is shown in 

Fig. 3, where monthly means were used to plot the annual fluctuations 

since impoundment. Discharge from the reservoir to date has been 

accomplished entirely by the power and flood control conduits. The 

water level has never reached the spillway level. 

The normal sequence of transportation and deposition of sediments 

in reservoirs is well exemplified in Lake Texoma. Heavier sediments 

are accumulating and forming delta deposits near the point of inflow 

of the two major streams and lighter sediments are being carried far¬ 

ther downstream, distance of transportation being directly related to 

density and particle size. During the sedimentation survey conducted 

by the Corps of Engineers, 53 samples were taken and analyzed for 

particle size and weight. Of these samples, those taken in the deeper 

parts of the Red River channel are shown in Fig. 4, which indicates 

that most of the heavier sediments are deposited in the upper third of 

the reservoir. This figure was modified from Plate 31 of the Engineers’ 

sedimentation report previously cited. 

In addition to this sedimentation type, another one was noted dur¬ 

ing this investigation. In a series of samples taken along a transect 

across the Buncombe Creek bay near its mouth and analyzed as de¬ 

scribed under Apparatus and Methods, the following deposition char¬ 

acteristics are noted: at a depth of .2 meter the percentage composi¬ 

tion was sand, 81; silt, 14; and clay, 5. At depths progressing outward 

from the shore, the amount of sand decreased while that of the silt 

and clay increased until, at a point somewhere between 11 and 13 

meters, the sediments were about equally composed of sand, silt, and 

3 These figures are in feet above mean sea level because of customary usage. All 

other measurements used here are in metric units. 

^ Data for these computations were kindly provided by Mr. Richard C. Pyle, 

Resident Engineer, Denison Dam. 
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Distancf in River Miles above Mouth 

clay. Beyond this point, the amount of sand decreased considerably 

while clay and silt predominated. The apparent discrepancy in this 

pattern is near the old creek channel where the residual sand and silt 

is found in a greater proportion than is normally found at this depth. 

This deposition sequence is illustrated in Fig. 5. Since the sediment 

particles are arranged in size order at right angles to the main axis of 

Buncombe Creek, it is assumed that the sediments are deposited in 

this pattern by wave action and currents as described by Adamstone 

(1924). Another possibility, that of sheet wash from the immediate 

watershed, is unlikely since the watershed at this point is of very small 

area and has a thick cover of underbrush and blackjack oak forest. 

The distribution of organic matter (as indicated by amounts of or¬ 

ganic carbon present) was complementary to the distribution of fine 

particulate matter, f.^., silt and clay. In general the organic matter 

was highest in the deep water, intermediate between the littoral zone 

and the profundal, and least in the shore region (littoral zone). 

Wind direction is of considerable importance in the ecology of a 

lake or impoundment through its effect on such things as wave action. 
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Oi*tane* in Meters 

Fig. 5. Sediment deposition pattern, transect near the mouth of Buncombe Creek bay. 

These samples show that density and particle size are related t© distance from shore (and 

wave action). 

currents, and turbidity. At Texoma two patterns of wind movement 

are discernible. In the summer the winds are prevailingly from the 

south, while in the fall, winter, and spring the wind direction is highly 

variable. As a result of a maximum effective width of about 36,960 

feet (7 miles) immediately opposite the mouth of Buncombe Creek 

(see Fig. 1), the wave activity at this point is of considerable mag¬ 

nitude and exerts much force. Welch (1952) states, “the greater the 

expanse of water over which the wind blows the greater the potential 

wave height, wave length, and wave velocity.” The following formula 

from Hawksley (vide Whipple, 1927) expresses the condition as exist¬ 

ing in large reservoirs: h = 0.025^^^ where h equals height in feet 

of wave, f equals “fetch” of clear distance expressed in feet over which 

the wind blows. When computed, the value for h is equal to 4.8 feet. 

In northern lakes an important environmental factor is low winter 

water temperature resulting in a surface ice cover. This cover is detri¬ 

mental to bottom fauna by producing stagnation and secondarily by 

causing marginal bottom scouring where ice jams occur. A more im¬ 

portant effect of low water temperature is the cessation of reproduc¬ 

tive function of most benthic animals. 

None of these temperature effects are operative at Texoma with the 

exception of the cessation of reproduction. At this latitude the non- 
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reproductive period is very short (as demonstrated by light trap sam¬ 

ples) or non-existent during mild winters. Surface ice did not form on 

the lake during the period of study, although local inhabitants report 

an incomplete cover during past winters. 

Temperature records for the June and July period of 1949 indicated 

that many bay areas showed incipient or well developed stratification. 

However, most thermoclines were near or extending to the surface; 

and in some instances where the area sampled was relatively shallow, 

the thermocline occurred from surface to bottom. Other sampling sta¬ 

tions showed complete top to bottom mixing. In all instances it was 

observed that stratification occurred in deep embayments or behind 

high headlands that afforded protection from the prevailing south 

winds. It is the author’s opinion that complete stratification will rarely, 

if ever, occur in Texoma. With this assumption. Lake Texoma is best 

classified as a temperate lake (surface temperature varying above and 

below 4° C.) of the third order (temperature of bottom water very 

similar to that of surface water; circulation practically continuous 

throughout year) on the basis of Whipple’s modification of Forel’s 

classification of lakes based on temperature characteristics (vide 

Welch, 1952, pp. 63, 64). 

The normal sequence of inflowing water was such that on the upper 

river arms Secchi disc readings were low but increased as the water 

moved toward the main pool above the dam. They ranged between a 

few centimeters on the upper river arms to 2.3 meters at Station IV. 

During flood periods this sequence was entirely obliterated because 

muddy water reached the main pool above the dam. 

Chemical Features. From results of oxygen determinations of sam¬ 

ples taken during the summer of 1949 it was observed that in no in¬ 

stance was there a complete depletion of oxygen from bottom waters. 

The least amount recorded was at Station IV where a reading of 

0.4 p.p.m. was obtained at a depth of twenty-one meters. The hypo- 

limnion showed a gradual rather than an abrupt or complete reduc¬ 

tion in dissolved oxygen at this time (July 7). It is the author’s opinion 

that complete stagnation rarely if ever occurs in Lake Texoma. 

Alkalinity was determined by using phenolphthalein and methyl 

orange as indicators. Phenolphthalein alkalinity was present at three 

sampling stations with 14 p.p.m. recorded as a maximum. Total alka¬ 

linity (almost entirely as bicarbonates) varied between 81 and 118 

p.p.m. for the surface waters, with an average of 101 p.p.m. The 

greatest vertical range recorded was at Station II, with a difference of 

19 p.p.m. from surface to bottom. 
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The waters of Lake Texoma invariably tested positive for free car¬ 

bon dioxide using standard reagents. Since the results seemed ques¬ 

tionable, CO2 content was calculated as previously described (Moore, 

1939). 

Calculated CO2 for the bottom waters ranged from 2.0 to 15.3 p.p.m., 

with an average of 5,1 p.p.m. The greatest range of CO2 values was at 

Station IV where a difference between surface and bottom of 11.1 

p.p.m. was recorded. 

The hydrogen ion concentration in the waters of Lake Texoma did 

not show such an extreme range as found for other Oklahoma waters. 

Surface pH values ranged from 7.4 to 8.2, while the bottom values 

ranged from 7.2 to 8.0, which are considerably lower than those re¬ 

ported for impoundments in central and northern Oklahoma (Irwin, 

1942; Ophel, 1950). 

BIOLOGICAL CHARACTERISTICS 

Aquatic Vegetation. Lake Texoma is similar to other reser¬ 

voirs in the southwestern United States in that there are few aquatic 

plants. The absence of most species can be directly attributed to the 

large annual fluctuation of surface level. The only submerged plant 

collected during the period of study was one of the broad-leaved pond 

weeds, Potamogeton americanus Chamisso and Schlechtendal. Several 

emergent aquatics were observed only in the inlets of streams (e.g., 

Newberry Creek), and had not become established in the lake proper. 

Plankton. The following list is submitted, not as a complete listing 

of all the species present, but only as representative of two seasons of 

collecting (November, 1949; July, 1950). The list was prepared by 

Mr, Ivan L. Ophel, formerly a graduate student of the Department of 

Plant Sciences, University of Oklahoma, now Limnologist, Health 

Physics Branch, Atomic Energy of Canada, Ltd., Chalk River, On¬ 

tario. The collection of these samples was done by Mr. Ophel, assisted 

in part by the author. 

Chlorophyceae 

Ankistrodesmus falcatus 

Chlamydomonas sp. 

Closterium aciculare 

Coelastrum microporum. 

Cosmarium sp. 

Kirchneriella lunaris 

Oocystis sp. 
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Pediastrum duplex 

Pediastrum simplex 

Phacotus lenticularis 

Staurastrum chaetoceros 

Bacillariophyceae 

Cyclotella kuetzingiana 

Cymbella sp. 

Gyrosigma sp. 

Melosira granulata 

Navicula spp. 

Surirella robusta var. splendida 

Synedra sp. 

Dinophyceae 

Ceratium hirundinella 

Cryptophyceae 

Cryptomonas sp. 

Myxophyceae 

Anabaena sp. 

Aphanizomenon flos-aquae 

Aphanocapsa sp. 

Polycystis (—Microcystis) aeruginosa 

Protozoa 

Codonella cratera 

Rotifera 

Asplanchna sp. 

Brachionus militaris 

Conochiloides natans 

Filinia longiseta 

Keratella cochlearis var. macrocantha 

Pedalion mirum 

Cladocera 

Diaphanosoma brachyurum 

Diaphanosoma brachyurum var. leuchtenbergianum 

Bosmina longirostris 

Bosmina obtusirostris 

Daphnia pulex var. obtusa 
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Daphnia longispina elongata 

Ceriodaphnia reticulata 

Ceriodaphnia lacustris 

CopepO'da 

Diaptomus clavipes 

Diaptomus siciloides 

Cyclops leuckarti 

Cyclops sp. 
Ergasilum n. sp. 

Attheyella sp. 

From these scant samples no attempt was made to obtain quantita¬ 

tive results. However, Mr. Ophel (personal communication) concluded 

from his examination , the predominance of certain diotoms, 

blue-greens and the Chlorococcales of the green algae.” He further 

indicated the key organisms to be Melosira granulata (November and 

July) Qjid Poly cystis aeruginosa (summer). 

Following the lake types of Thienemann and Naumann (Fritsch, 

1931) this would indicate that Texoma had many eutrophic charac¬ 

teristics. This contention was further supported by the fact that two 

zooplankters (Daphnia pulez var. obtusa, Diaptomus siciloides) which 

were found in Texoma also commonly occurred in Lake Overholser 

(central Oklahoma), which undoubtedly had eutrophic characteristics 

(Ophel, 1950). 

Benthic Invertebrates, The following is a list of all benthic inverte¬ 

brates collected during the fifteen-month study. One addition has been 

made by Professor W, J. Harmon of Louisiana Polytechnic Institute, 

Ruston, Louisiana, This was the sponge, Asteromeromeyenia radio- 

spiculata (Mills) identified by Dr. Minna E. Jewell of Thornton Jun¬ 

ior College, Harvey, Illinois. In the list one asterisk to the left of a 

species indicates that the species is a new record for Texas; two as¬ 

terisks, a new record for Oklahoma; and three asterisks, new for both 

Texas and Oklahoma, 

Phylum Porifera 

Spongilla lacustris (Linne) 

Aster omeromeyenia radiospiculata (Mills) 

Phylum Nematoda 

Undetermined spp. 

Phylum Bryozoa 

Plumatella repens (Linne) 
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Phylum Annelida 

Class Oligochaeta 

Undetermined spp. 

Phylum Mollusca 

Class Pelycepoda 

Quadrula quadrula apiculata (Say) 

Truncilla donaciformis (Lea) 

Leptodea laevissima (Lea) 

Anodonta corpulenta (Cooper) 

Anodonta imbecillis Say 

Class Gastropoda 

Physa halei Lea 

Lymnaea (=Fossaria) modicella (Say) 

Ancylus sp. 

Phylum Arthropoda 

Class Crustacea 

Palaemonetes (Palaemonetes) paludosus (Gibbes) 

Argulus lepidostei (Kellicott) 

Class Arachnoidea 

Order Hydracarina 

Undetermined spp. 

Class Insecta 

Order Ephemeroptera 

Hexagenia munda elegans Traver 

Hexagenia limbata venusta Eaton 

**Callibaetis montanus (Eaton)? 

Stenonema femoratum tripunctatum Banks 

^**Brachycercus lacustris Needham 

Siphlonurus sp. 

Caenis sp. 

Order Odonata 

Pantala hymenea Say 

Erpetogomphus sp. 

Gomphus plagiatus Selys 

Enallagma civile (Hagen) 

Ischnura sp. 
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Argia moesta (Hagen) ? 

Argia spp. 

Order Trichoptera 

*Cyrnellus marginalis (Banks) 

Oecetis inconspicua (Walker) 

Oecetis cinerascens (Hagen) 

Hydroptila sp. 

Orthotricha sp. 

Order Diptera 

Chaoborus punctipennis (Say) 

Chrysops sp. 

Tabanus sp. 

Stratiomyia sp. 

Hydrellia sp. 

Culicoides sp. 

^**Pentaneura basalis (Walley) ? 

^"^""Pentaneura annulata (Say) 

^Pelopia stellatus Coq. 

***Procladius bellus (Loew) 

***Procladius culiciformis (Linne) 

***Coelotanypus tricolor (Loew) 

"^^^Coelotanypus concinnus (Coq.) 

***Coelotanypus scapularis (Loew) 

^"'^Hydrobaenus (Psectrocladius) sp. 

^^"^Hydrobaenus (Hydrobaenus) sp. 

^^^Hydrobaenus (Smittia) sp. 

Hydrobaenus (Eukiefferiella) sp. 

^ ^ Cricotopus tricinctus (Meig.) 

"^^"^Calopsectra (Calopsectra) neoflavellus (Mall.) 

***Calopsectra (Calopsectra) dissimilis (Joh.) 

* * ""Calopsectra (Stempellina) bausei (Kief.) ? 

""Pseudochironomus pseudoviridis (Mall.) 

Polypedilum (Tripodura) digitiferTosNues 
Polypedilum (Polypedilum) illinoense (Mall.) 

""Tanytarsus (Tribelos) fuscicornis (Mall.) 

T any tarsus (Stictochironomus) palliatus (Coq.) 

""Stenochironomus macateei (Mall.) 

^Xenochironomus festivus (Say) 

*Cryptochironomus fulvus (Joh.) 

***Cryptochironomus Marina Townes 
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* * *Cryptochironomus sorex Townes 

Cryptochironomus sp. 

Cryptochironomus^ sen. lat. sp. b. Johannsen 

*Tendipes (Limnochironomus) neomodestus (Mall.) 

Tendipes (Limnochironomus) nervosus (Staeger) 

Tendipes (Tendipes) decorus (Job.) 

**Tendipes (Tendipes) plumosus (Linne) 

***Glyptotendipes (Phytotendipes) paripes (Edw.) 

*Harnischia (Harnischia) incidata Townes 

* * * Harnischia (Harnischia) carinata Townes 

Harnischia (Harnischia) nigrovittata (Mall.) 

* * *Harnischia (Harnischia) monochromus (Van der Wulp) 

Order Hemiptera 

Ranatra sp. 

Belostoma testaceum (Leidy) 

Rheumatobates hungerfordii Wiley 

Corixidae, undetermined sp. 

Order Megaloptera 

Sialis sp. 

Order Coleoptera 

Dineutus sp. 

Haliplus sp. 

Berosus pugnax (LeC.) 

Tropisternus sp. 

The ecology of the benthic organisms listed above is to be described 

in a later paper. , | 
i 

SUMMARY j 

The physico-chemical limnology of Lake Texoma, Okla¬ 

homa and Texas, is presented together with lists of planktonic and j 

macrobenthic organisms. The study period was June and July, 1949, ! 

and June, 1950 to May, 1951. Most of the physico-chemical data were j 

taken in 1949. | 

It was observed that the impoundment is relatively shallow com- I 

pared to its area and that the water circulates almost continuously j 

throughout the year. Normally, oxygen, carbon dioxide, carbonates, ! 

and pH values are fairly uniform in distribution; however, there is | 

some tendency for stratification to occur, at least in areas that have | 

some protection from the prevailing winds. i 
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There was only one species of higher aquatic vegetation, Potamoge- 

ton americanus^ present in the lake proper. Its distribution was rather 

spotty. The absence of other macrophytic species can be attributed to 

rather wide seasonal fluctuation of water levels (13.74 feet, July, 

1950-June, 1951). 

A list of forty-five species of net plankters is presented. The species 

composition and relative abundance shows that Texoma has an indi¬ 

cation of eutrophy, at least in this respect. 

A total of eighty-seven species (or groups) of macroscopic benthic 

invertebrates was collected. Of this number, the insects predominated 

with seventy-one species. Of the eighty-seven species or groups thirty- 

two are reported from Texas and twenty-eight from Oklahoma for the 

first time. 

LITERATURE CITED 

Adamstone, F. B., 1924—The distribution and economic importance of the bottom 

fauna of Lake Nipigon with an appendix on the bottom fauna of Lake Ontario. 

Univ. Toronto Stud., Biol. Ser., 24: 3-199. 

Adamstone, F. B., and W. J. K. Harkness, 1923—The bottom organisms of Lake 

Nipigon. Univ. Toronto Stud., Biol. Ser., Publ. Ont. Fish. Res. Lab., No. 15, 

p. 123-170. 

Ball, Bobert C., 1948— Relationship between available fish food, feeding habits of 

fish and total fish production in a Michigan Lake. Mich. State Coll. Agr. Exp. 

Sta. Tech. Bull. 206, 59 pp. 

Bouyoucus, George John, 1936—Direction for making mechanical analyses of soils 

by the hydrometer method. Soil Sci., 42. 

Ellis, M. M., 1941—Fresh-water impoundments. Trans. Amer. Fish. Soc., 71: 80-93. 

Fritsch, F. E., 1931—Some aspects of the ecology of fresh-water algae with special 

reference to static waters. Jour. EcoL, 19 (2): 233-272. 

Ide, F. P., 1940—Quantitative determination of the insect fauna of rapid water. 

Univ. Toronto Stud., Biol. Ser., Publ. Ont. Fish. Res. Lab., No. 47, 59 pp. 

Irwin, William H., 1942—Preliminary records of physico-chemical features of 

Grand Lake, Oklahoma. Proc. Okla. Acad. Sci., 22: 19-23. 

Miller, Richard B., 1941—Some observations on Choaborus punctipennis Say 

(Diptera; Culicidae). Can. Ent., 73 (3): 37-39. 

Moon, H. P., 1940—An investigation of the movements of fresh-water invertebrate 

faunas. Jour. Animal EcoL, 9 (1): 76-83. 

Moore, Edward W., 1939—Graphic determination of carbon dioxide and the three 

forms of alkalinity. Jour. Amer. Water Works Assn. 31: 51-66. 

Needham, J. G., 1908—Report of entomological field station conducted at Old 

Forge, N. Y., in the summer of 1905. N.Y. State Mus. Bull., 124: 167-168. 

Ophel, I. L., 1950—A limnological study of two artificial lakes in Oklahoma. Masters 

Thesis, Dept. Plant Sci., Univ. of Okla., Norman, Okla. 



182 THE TEXAS JOURNAL OF SCIENCE 

Piper, C. S., 1942—Soil and plant analysis. The Waite Agr. Res. Inst., Univ. 

Adelaide, Adelaide, South Australia. 

Scott, Will, and David F. Opdyke, 1941—The emergence of insects from Winona 

Lake. Investigations of Indiana Lakes and Streams, 2: 5-15. 

Welch, Paul S., 1948—Limnological Methods. The Blakiston Co., Philadelphia, Pa. 

-, 1952—Limnology. McGraw-Hill Co., New York, N.Y. 

Whipple, G. C., 1927—The microscopy of drinking water. Rev. by G. M. Fair and 

M. C. Whipple. New York, N.Y. 



Differentiation of Mating Call in 

Spadefoots, Genus Scaphiopus^ 

by W. FRANK BLAIR 

The University of Texas 

INTRODUCTION 

THE measurement of mating calls of anuran amphibians by electronic 

methods permits critical comparison of call between individuals, be¬ 

tween populations and between taxonomic categories. Because the fe¬ 

males are attracted by the calls of the males at the breeding time, dif¬ 

ferences in call are potentially important isolation mechanisms, i.e., 

they tend to prevent cross-mating of different species. 

The present report deals with gross comparisons of the call in four 

species of spadefoot toads. The methods of obtaining tape recordings 

of the calls and of later making sound pictures (sonagrams) of them 

have been described by Blair and Pettus (1954) and Blair (1955). 

David Pettus has served as research assistant in both the field and 

laboratory work. All of the recording stations were in Texas. 

SUBGENERIC DIFFERENCES 

The North American genus Scaphiopus of the family Pelo- 

batidae consists of two distinct groups of species. These are so distinct 

that they have been treated as separate genera by some (Brown, 1950) 

or as subgenera by most who have worked with the group. 

The subgenus Scaphiopus includes Scaphiopus couchi of the south¬ 

western United States and northern Mexico and a complex of either 

one polytypic species or two allopatric species, which is distributed 

from central Texas to the Atlantic Coast. For purposes of the present 

report, this complex will be treated as two allopatric species, although 

the relationships of these two have not been satisfactorily determined. 

The western of these two allopatric species, Scaphiopus hurteri, over¬ 

laps the range of S. couchi in Texas and Oklahoma. Sound analyses 

of the calls of S. couchi and S. hurteri have been made, but none are 

available for the eastern S. holbrooki. 

^ This work was done under National Science Foundation project No. NSF G-328. 
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The subgenus Spea contains two species, which are sympatric over 

a wide area of the Southwest. These are Scaphiopus hammondi and 

S. bombifrons. Sound analyses have been made of calls of both of these 

species. 

The call differs equally as much between the two subgenera as do 

the skeletal and other morphological characters (Fig. 1). In the sub¬ 

genus Scaphiopus the call is characterized by a series of closely spaced 

harmonics of which usually two between the sixth and tenth are 

emphasized. The structure of the call is essentially like that of Ameri¬ 

can microhylid frogs (see Blair, 1955). The groan-like quality of the 

i 

^ L. u ^ TIME IN SECONDS e u 
S. bombifrons S. hammondi 

SUBGENUS SPEA j 

Fig. I, Sonagrams of Scaphiopus calls at Texas stations. Scaphiopus hurteri, 6 miles south ; 

of Luling in Gonzales County; S. couchi, 3 miles west of Valentine, Jeff Davis County; | 

S. bombifrons and S. hammondi at Tulia, Swisher County. Note difference in length, in 

emphasized harmonics and in frequency change in the subgenus Scaphiopus. Note differ¬ 

ence in length and in trill rate in the subgenus Spea. i 

I 
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call results principally from changes in frequency during the course 

of the call. In the subgenus Spea the call is distinctly trilled. Five to 

six harmonically related frequency bands are expressed, while inter¬ 

vening harmonics are suppressed or weakly expressed. In its structure 

and in its sound to the human ear the call is more like that of toads of 

the quite unrelated genus Bufo than that of spadefoots of the subgenus 

Scaphiopus. 

SUBGENUS Scaphiopus 

The species hurteri and couchi are sympatric in distribution 

from the southern tip of Texas north through central Texas to Okla¬ 

homa. The call of hurteri was recorded in a roadside rainpool about 6 

miles south of Luling in Gonzales County. The call of couchi was re¬ 

corded in flooded cultivated fields near Progreso in Hidalgo County 

and at a station about 3 miles west of Valentine, Jeff Davis County. All 

of the recordings were made following torrential rains. At the Valen¬ 

tine station the individual recorded was removed from an enormous 

chorus in an old playa lake and recorded in a small stock tank to elimi¬ 

nate background noise. Both species of the subgenus Spea and two 

species of toads were also calling in large numbers in the playa lake. 

The call of hurteri is shorter than that of either the Progreso or Val¬ 

entine couchi (Table I). However, there is even greater difference in 

length of call between the Rio Grande Valley (Progreso) and Trans- 

TABLE I 

Measurements of Call in the Subgenus Scaphiopus. 
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Pecos (Valentine) couchi than between the Progreso couchi and the 

hurteri. The call of couchi at the two stations differs from that of 

hurteri in two ways. One has to do with emphasized harmonics. In 

hurteri the sixth and seventh or seventh and eighth harmonics are 

emphasized (Fig. 1). In the Progreso couchi the eighth and ninth 

harmonics are emphasized, and in the Valentine couchi the ninth and 

tenth are stressed. In hurteri the principal change in frequency is an 

initial drop followed by a leveling off or a gradual decrease to the end 

of the call. In the couchi there are from two to five distinct frequency 

changes in the course of the call. The first of these changes is a more 

or less pronounced initial rise. 

The presently available measurements indicate, then, that the calls 

of S. hurteri and S. couchi differ in duration and in structural qualities. 

They also show that the call may be considerably different in different 

geographic populations of couchi. 

SUBGENUS Spea 

The distribution of Scaphiopus bombifrons centers in the 

Great Plains and lies mainly east of the Rocky Mountain Chain (Steb- 

bins, 1954). The range of S. hammondi centers in the Great Basin. It 

lies mostly west of the Rocky Mountains, but it does extend eastward 

into the high plains of western Oklahoma and Texas. The zone of over¬ 

lap between the two species is poorly known, but it extends at least 

from southeastern Arizona to Trans-Pecos Texas and north to western 

Oklahoma and southern Colorado. 

Recordings of S. hammondi were made in a flooded wash about 8 

miles west of Valentine, Jeff Davis County, following a heavy rain. 

Both species were found breeding in a playa lake a few miles away, 

but they were not recorded. Both species were recorded in temporary 

water in the city limits of Tulia, Swisher County, the night following 

a night of torrential rain. 

The most striking difference in the call of the two species is in the 

trill rate (Fig. 1, Table II), The call of S', bombifrons is very rapidly 

trilled, with an average of about 40 to 55 trills per second. The call of 

S. hammondi is a very slow trill, with an average of about 18 to 20 

trills per second. The call of bombifrons is shorter (0.49 to 0.72 sec¬ 

onds) than that of hammondi (0.78 to 1.40 seconds). 

One individual recorded at the Tulia station is an apparent hybrid 

between the two species (Table II), In this individual the length of the 

call varies from 0.82 to 0.90 second, which is in the range of variation 
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of hammondi^ but the trill rate ranges from about 42 to 46 trills per 

second, which is in the range of variation of bombifrons. 

SUMMARY 

Gross comparisons of the calls of four of the five species of 

the genus Scaphiopus have been made by use of sound spectrograms. 

TABLE II 

Measurements of Call in the Subgenus Spea. 
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6 18.0 18.5 1675-1700 0.82-0.90 35-38 41.7-46.4 

The subgenera Scaphiopus and Spea differ markedly in the structure 

of the call. In the species hammondi and bombifrons of the latter 

group, the call is distinctly trilled. In the species couchi and hurteri of 

the former group, the call is not trilled. 

The calls of the two species of the subgenus Scaphiopus differ prin¬ 

cipally in length, in the group of harmonics emphasized and in the 

number of changes in frequency during the course of the call. The two 

species of the subgenus Spea differ principally in the trill rate and the 

length of the call. One individual recorded in a mixed population 

appears to be a natural hybrid between the two species. 
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Notes on the Winter Foods of Bobwhites 

in North-Central Texas 

by PAUL W. PARMALEE 

Illinois State Museum 

DURING the bobwhite hunting season (Dec. 1-Jan. 16) in 1950-51 

and 1951-52, a total of 124 crops were obtained from quail killed in 

Haskell, Throckmorton and Shackelford counties, Texas. The terri¬ 

tory included within these three counties is utilized primarily for graz¬ 

ing, although farming predominates in most of Haskell County and 

locally in the other two counties. The main crop is cotton, and it is 

grown in combination with corn, grain sorghums and small grains, 

Throckmorton and Shackelford counties are included in the North- 

central Grazing Area where cattle ranching is the main enterprise 

(Bonen and Thibodeaux, 1937). It is a sandy region and much of the 

area is rolling and broken, consisting of short-grass and bunch-grass 

plains with scattered scrub oak, mesquite trees and shrubs. 

A region of this type containing scattered farms that grow primarily 

cotton and grains, as well as interspersed tracts of brushy, weedy pas- 

tureland, generally provides ideal quail cover and an adequate food 

supply for the support of a high bobwhite population throughout much 

of the area. Apparently overgrazed pastures, fallow fields, fence rows 

and trampled areas around water tanks and out-buildings which sup¬ 

ported heavy stands of native grasses and weeds provides one of the 

best sources of an ample food supply to bobwhites. This was found to be 

the case in east-central Texas (Parmalee, 1953) and in other regions 

as well (Wagner, 1949; Lehmann and Ward, 1941). Certain cultivated 

crops, sorghum in this case, also often constitute an important source of 

food, and as pointed out by Lee (1948): “The quail must . . . modify 

their preference to accommodate themselves to the food sources found 

in the local area.” Abundance and availability are the prime factors in 

controlling the bobwhite’s selection of food. 

METHODS 

Due to the kindness and cooperation of Mr, Kenneth Baker, 

Munday, Texas, 124 quail crops and gizzards were saved from birds 
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killed during two consecutive hunting seasons in Haskell, Throck¬ 

morton and Shackelford counties. Approximately the same areas were 

covered (hunted) both seasons. The crops and gizzards obtained during 

a particular hunt were placed in a manila envelope and information 

concerning the date collected, locality, county and a general descrip¬ 

tion of the area(s) hunted was kept with each lot. Apparently the be- 

low-normal rainfall in the latter part of 1950 and in 1951 influenced 

the reduction of quail populations locally (directly or indirectly by 

reduced ground cover, less available water, etc.) and hunters were gen¬ 

erally less successful in killing birds. 

The volume summation method of analyzing foods described by 

Martin, Gensch and Brown (1946) was followed in part in analyzing 

crops collected in this study. Seeds and plant material were identified 

by comparison with herbarium specimens and with specimens in a 

rather extensive seed collection assembled by the author from native 

plants of the region. I am indebted to Dr. A. C. Martin, Patuxent Re¬ 

search Refuge, Laurel, Maryland, for the species identification of 

several seeds. 

Each crop was measured separately, and each component species in 

the crop was measured separately by mixing the seeds or other food 

material with a known volume of sand. The food was first placed in a 

15-cubic centimeter glass centrifuge cylinder graduated to 0.10 cc., to 

which the known volume of sand was then added. By tapping the cylin¬ 

der and agitating the mixture with a teasing needle, the sand and seeds 

were thoroughly mixed so that no air spaces or pockets remained. A 

reading was taken to the nearest 0.10 cc. and the mixture was then 

sifted through a piece of 60-mesh brass screen to again separate the 

food material from the sand. The total volume of each component food 

item was tabulated and the volume in cc. and the frequency of occur¬ 

rence of each item in crops collected during the 1950-51 and 1951-52 

hunting seasons are listed in Tables I and II, respectively. 

DISCUSSION 

One of the few studies on the food habits of the bobwhite in 

this region was made by Wagner (1949). Although the number of 

crops obtained by him (eight) from the area under consideration here 

was small, the food items encountered in these crops are of interest. 

Bull-nettle (Cnidoscolus texanus)^ a common weed throughout the 

region, constituted approximately 65 % of the total volume of the com¬ 

bined eight crops. Surprisingly, seeds of this species were not en¬ 

countered in the crops or gizzards examined in this study, nor was it 
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TABLE I 

Analysis of 33 quail crops collected between December 1, 1950 and January 16, 1951 

in Throckmorton and Haskell counties, Texas. 

Species 
Volume 

in cc. 

F requency 
of 

occurrence 

Bromus catharticus (Rescuegrass) 40.0 21 

Sorghum vulgare (Sorghum) 20.6 12 

Gutierrezia sp. (Broomweed) 18.6 12 

Vicia villosa (Hairy Vetch) 7.2 2 

Gossypium sp. (Cotton) 2.9 6 

Avena sativa (Oats) 1.6 4 

Euphorbia bicolor (Snow-on-the-mountain) 1.3 12 

Panicum fasciculatum (Browntop Millet) 1.1 5 

Amaranthus spp. (Pigweed) 1.0 5 

Green vegetation .9 16 

Tragia sp. (Tragia) .4 4 

Eriochloa sp. (Cupgrass) .3 3 

Albizzia julibrissin (Mimosa) .3 3 

Animal matter .3 4 

Arundo donax (Cane) .3 9 

Tradsscantia sp. (Spiderwort) .3 3 

Sorghum halepense (Johnsongrass) .2 3 

Car ex sp. (Sedge) .2 2 

Solarium rostratum (Buffalobur) .2 1 

Panicum hallii (Panic Grass) .2 3 

Cissus arborea (Peppervine) .1 3 

Geranium sp. (Cranesbill) .1 9 

Helianthus sp. (Sunflower) .1 3 

Bumelia sp. (Buckthorn) .1 1 

Schrankia angustata (Sensitive Briar) .1 1 

Unidentified sp. Tr. 1 

Kallstroemia sp. (Caltrop) Tr. 1 

Paspalum sp. (Paspalum) Tr. 1 

Panicum sp. (Panic Grass) Tr. 3 

Croton sp. (Goatweed) Tr. 1 

Prosopis glandulosa (Mesquite) Tr. 1 

Vicia spp. (Vetch) Tr. 3 

Ambrosia sp. (Ragweed) Tr. 1 

Solanum elaeagnifolium (Silverleaf Nightshade) Tr. 

98.4 

1 

encountered in 77 crops examined by Lee (1948) in a comparable area 

in southwestern Oklahoma. Ambrosia psilostachya (Ragweed) made 

up about 21 % of the total volume of food found in crops examined by 

Wagner (1949), and although seeds of this widely distributed, com- 
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mon weed have been reported as an important winter food of quail in 

other regions (Stoddard, 1931; Lee, 1948; Parmalee, 1953; et al.)^ it 

was encountered in a few gizzards and in only four (.1%-Trace) of 

the 124 crops examined. 

A total of 122 gizzards was examined in an attempt to more com¬ 

pletely establish the over-all winter food habits of bobwhites in this 

region. Quite often particularly hard seeds will remain in the giz¬ 

zard from one to several days so that it is possible to determine in 

part what foods were consumed days previously. In addition to the 

crop foods listed in Tables I and II, these foods (in parenthesis, the 

number of gizzards in which they occurred) were also eaten: Marsilea 

sp., Pepperwort (6); Jacquemontia sp., Morning Glory (2); Convol¬ 

vulus sp., Bindweed (6); Cassia lindheimeri^ Senna (3) and Crataegus 

sp. Red Haw (19). With the possible exception of the latter, these foods 

apparently are of little significance in the over-all food habits of the 

quail in this region. 

Seeds of Rescuegrass (Bromus catharticus)^ a common bunchgrass 

typical of low pastures and bottomland areas, occurred in 21 of the 33 

crops collected in the 1950-51 hunting season and formed 40% of the 

total volume—twice the volume of the next most important food 

(Table I). It was encountered in only two of the 91 crops collected 

during the following hunting season, comprising but .4% of the total 

volume. It is within reason to explain such a noticeable difference in 

the amount of Rescuegrass seed taken by quail in these two winters on 

the basis of tolerance to dry conditions. Herbaceous vegetation had 

been seriously affected by the severe drought experienced in this re¬ 

gion in 1951 and 1952, and Rescuegrass may have been noticeably re¬ 

tarded in growth and seed production, as is the case in many of the 

native plants under such circumstances. In years of normal rainfall 

Rescuegrass seed should provide an important winter food for quail. 

Order Euphorbiaceae includes several species of native weeds that 

produce some of the most valuable quail foods in Texas. Certain species 

of Doveweed or Goatweed {Croton spp.) have been found to be one of 

the best sources of winter quail food in southwestern Texas (Lehmann 

and Ward, 1941), southwestern Oklahoma (Lee, 1948), eastern Texas 

(Lay, 1940) and east-central Texas (Parmalee, 1953). 

Snow-on-the-mountain (Euphorbia bicolorlike goatweed, grows 

abundantly on dry upland areas in over-grazed pastures, fallow fields 

and in similar disturbed situations. E, bicolor ranked third in the total 

volume of 361 crops collected during December, 1951-January, 1952, 

in east-central Texas (Parmalee, 1953). Of the 91 quail crops exam- 
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TABLE II 

Analysis of 91 quail crops collected between December 1, 1951 and January 16, 

1952 in Throckmorton, Shackelford and Haskell counties, Texas. 

Food Species 
Volume 

in cc. 

Frequency 
of 

occurrence 

Sorghum vulgare (Sorghum) 30.6 29 

Euphorbia bicolor (Snow-on-the-mountain) 25.4 38 

Panicum fasciculatum (Browntop Millet) 18.5 30 

Solarium rostratum (Buffalobur) 18.5 20 

Kallstroemia sp. (Caltrop) 7.6 23 

Sorghum halepense (Johnsongrass) 6.9 13 

Green vegetation 3.1 57 

Quercus sp. (Acorn) 2.6 2 

Gutierrezia sp. (Broomweed) 1.9 2 

Helianthus sp. (Sunflower) .8 17 

Polygonum dumetorum (Knotweed) .8 3 

Animal matter .6 12 

Bromus catharticus (Rescuegrass) .4 2 

Unidentified spp. .3 2 

Croton sp. (Goatweed) .3 1 

Amaranthus sp. (Pigweed) .2 24 

Eriochloa sp. (Cupgrass) .2 6 

Argemone sp. (Prickly Poppy) .2 6 

Ambrosia sp. (Ragweed) .1 3 

Polanisia trachysperma (Clammy Weed) .1 1 

Crataegus sp. (Red Haw) .1 1 

Panicum spp. (Panic Grass) Tr. 11 

Panicum sp. (Panic Grass) Tr. 4 

Unidentified Composites Tr. 3 

Tragiasp. (Tragia) Tr. 4 

Iva ciliata (Marsh Elder) Tr. 1 

Rumex sp. (Dock) Tr. 1 

Chamaesaracha sp. (Chamarsarcha) Tr. 2 

Paspalum sp. (Paspalum) Tr. 3 

Astragalus sp. (Milk Vetch) Tr. 1 

Arundo donax (Cane) Tr. 1 

119.2 

ined from north-central Texas (Table II), collected during the same 

time period, 38 contained seeds of this plant, constituting one-fourth 

of the total volume. It is of interest to note that during the 1950-51 

hunting season, Snow-on-the-mountain formed only a small portion 

of the total volume of crops collected in both areas, thus indicating 
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again the significance of abundance and availability in affecting the 

food habits of the bobwhite. 

Although Lee (1948) found Johnsongrass (Sorghum halepense) to 

be a valuable winter food for bobwhites in Oklahoma, seeds of this 

grass are not used by bobwhites in Texas to the extent one might ex¬ 

pect, considering how often it is abundant in fields and waste places 

throughout the state. Of the quail crops collected in the 1950-51 season 

(185 crops) and in the 1951-52 season (361 crops) in east-central 

Texas (Parmalee, 1953), 41% and 11%, respectively, contained seeds 

of this grass, although it represented only a relatively small percentage 

of the total volume. A few crops examined in this study were literally 

packed with seeds of Johnsongrass, indicating that although locally 

this grass may be a valuable winter food it can not be depended upon 

as a winter staple to the extent of certain other grasses (Panicum and 

Paspalum), Goatweed and Euphorbia. 

The data obtained from the analysis of these 124 quail crops col¬ 

lected in north-central Texas point to the value certain cultivated 

crops can be to the all-important winter food supply of bobwhites. 

Sorghum (Sorghum vulgare) occurred in approximately 30% of the 

quail crops taken in both the 1950-51 and 1951-52 hunting seasons 

and ranked second and first, respectively, in total volume (Tables I 

and II). When cultivated crops such as Sorghum and Corn are avail¬ 

able to quail in the form of food patches, unharvested fields or scattered 

waste, they can provide an invaluable source of food so necessary in 

maintaining coveys throughout the unfavorable winter months. 

Ecological studies of the bobwhite quail in Texas, dealing in part 

with their food requirements, have shown the significance and value of 

certain cover types in maintaining quail populations in any given area. 

Changes in climatic conditions, as well as farming and ranching prac¬ 

tices, are probably the most important factors in directly and/or in¬ 

directly affecting bobwhite numbers in Texas. Although they will 

utilize cultivated crops such as Sorghum when available, these cannot 

always be counted upon and consequently quail must depend to a large 

extent on native plants for their food over an extended period of time. 

This study, as well as others in regions of varied soil and vegetation 

types throughout Texas, has shown that a large number of different 

native grass and weed seeds as well as quantities of vegetation and 

animal matter are consumed, with seeds forming the major constituent 

of the bobwhite’s winter diet. Most seeds appear to be taken in pro¬ 

portion to their abundance and availability, and a large percentage of 

the native seeds are relatively unimportant in relation to the total 
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volume consumed» Based on a two year sample of 124 quail crops col¬ 

lected in north-central Texas, Sorghum, Rescuegrass and Snow-on- 

the-mountain proved to be the three major foods eaten while Browntop 

Millet (Panicum fasciculatum), Buffalobur (Solanum rostratum) and 

Broomweed {Gutierrezia sp.) were also consumed in considerable 

quantities. 

LITERATURE CITED 

Bonnen, C. a., and B. H. Thibodeaux, 1937—A description of the agricultural and 

type-of-farming areas in Texas. Tex. Ag. Exp. Stat. Bull. 544. College Station. 

Lay, Daniel W., 1940—Bob-white populations as affected by woodland manage¬ 

ment in eastern Texas. Texas Ag. Exp. Stat. Bull. 592. College Station. 

Lee, Levon, 1948—The fall and winter food of the bobwhite in Oklahoma. Okla. 

Game and Fish Dept., Oklahoma City. 

Lehmann, V, W., and Herbert Ward, 1941—Some plants valuable to quail in 

southwestern Texas. Jour. Wildl. Mgt. 5 (2): 131-135. 

Martin, A. C., R, H. Gensch, and C. P. Brown, 1946—Alternative methods in 

upland gamebirds food analysis. Jour. Wildl. Mgt. 10: 8-12. 

Parmalee, Paul W., 1953—Food and cover relationships of the bobwhite quail in 

east-central Texas. Ecol. 34 (4): 758-770, 

Stoddard, H. L., 1931—The bobwhite quail. Scribner’s, New York. 

Wagner, Fred H., 1949—Notes on winter feeding habits of north Texas bobwhites. 

Field and Laboratory, 17 (3): 90-98. 



The MMPI Profiles of Forgers 

by RUPERT C. KOENINGER 

Texas Prison System 

IN REVIEWING literature on parole prediction by Burgess (1928), 

Monachesi (1941), Ohlin and Duncan (1949), Schnur (1948), and 

Void (1935), it was found that these studies were based upon infor¬ 

mation in the records of the men under consideration. Included in 

these are such factors as race, marital status, age, nature of offense 

and length of sentence. With these and other data it is possible to ar¬ 

rive at prediction tables based on data from the inmate records. Such 

prediction tables are being constructed today and serve as measures of 

predicting parole eligibility. 

In recent years penologists have, in some part, been influenced by 

the findings of psychologists and psychiatrists. One of the instruments 

which has been used to differentiate criminal and non-criminal groups, 

the Minnesota Multiphasic Personality Inventory, has not been used 

before as a device for predicting success or failure on parole. 

The MMPI is a psychometric instrument designed to provide scores 

on nine or more clinically important phases of personality. The group 

form of the inventory consists of 566 statements which are in the first 

person and are to be answered true or false. Summation of responses 

gives scores on four validity scales—the question—the lie—the F and 

the K, as well as the score on the Hs, D, Hy, Pd, Pa, Pt, Sc, and Ma 

scales. When all the scores are plotted on a graph, a configuration or 

profile is available. The high points on the profile are the scales that 

indicate the highest T score. T scores as large as 70 are said to be 

elevated, although not necessarily abnormal. 

The MMPI has been given to over 11,000 incoming inmates to the 

Texas Prison System since 1948 and sufficient data were available to 

make preliminary studies to ascertain the degree of reliability of the 

MMPI for predicting success or failure on parole. 

Texas Prison System records showed that forgers constituted a large 

enough inmate population to afford a sufficient number of individuals 

who had MMPI profiles as a part of their records or case histories. In 

a preliminary study, the hypothesis was tested that there is a difference 

between parole violators and non-violators as measured by the MMPI. 

196 



MMPI PROFILES OF FORGERS 197 

Twenty-seven forgers who were parole violators were matched against 

an equal number of forgers who made good on parole. Both groups 

ranged in age from 17 to 35, with an 1. Q. from 80 to 120, who were 

first offenders, natives of Texas, with sentence of not less than one 

year and not more than five years, who were of the white race, and 

who were sentenced to prison for the sole offense of forgery. This pre¬ 

liminary study showed differences on three scales of the MMPI, Hs, 

Pd, Pt, scale. Forger parole violators were significantly more variable 

in responses than were the non-viola tors. 

The above pilot study pointed out the need of an item analysis of 

the MMPI responses of all who had been committed to prison for 

forgery and who subsequently received a parole. The study reported 

on in this paper is concerned with data obtained from MMPI responses 

made by 229 forgers released from the prison on parole. Twenty-three 

profiles had invalid scores on the L, F, or K scores and were not used. 

Of the remainder, 104 made successful adjustment and were dis¬ 

charged from parole, while the remaining 102 violated the conditions 

of their parole and were returned to prison. 

The procedure used in the study was to record the number of times 

each MMPI statement was marked by the parolee who made good and 

similarly for the violators. When the responses were totaled for the 

two groups, the task of determining the significant differences of the 

two sets of data remained. 

Of the 465 items scored, 428 were not significantly different. Thirty- 

seven were significant, with 24 of these at the five per cent level and 

13 at the one per cent level. 

One of the true-false statements was among the F or validity scores, 

while seven were found in the neurotic triad—hypochondriasis, de¬ 

pression, or hysteria. Eight items were significantly different on the 

psychopathic-deviate scale. Two of these eight psychopathic-deviate 

statements were also found in the paranoid scale. 

The chief difference, as tested by this hypothesis, between the parole 

violator and the non-violator is to be found on the psychotic scales of 

the MMPI. 

Four items on the paranoid scale, five on the psychasthenic, eight on 

the schizophrenic and four on the hypomanic scales were significant 

at the one or five per cent level. 

Figure 1 shows the graphic comparison and gives the mean raw 

scores for the two sets of parolees. Significant differences between the 

means scores are found on Hs, D, Pd, Pt, and Sc. 
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Key: SP: 

PV: 

RAW MEAN SCORES 

L F K Hy D Hy Pd MF Pa Pt Sc Ma 

SP: 3.1 5.5 11.4 14.2 20.6 20.9 27.5 23.6 10.8 27.7 25.5 22.1 

PV: 3.7 5.1 13.4 12.0 18.4 18.8 30.7 23.0 12.2 29.7 28.8 23.0 

Fig. I. Comparison of successful forger parolees and parole violators MMPI profiles. 

The items which proved to be significant are given below: 

The only statement found to be significant in the F scale of validity 

was the violators’ affirmation, “Most of the time I would rather sit 

and daydream than to do anything else.” 

It was found that in the neurotic triad there were seven statements 

which the successful parolee answered differently from the violator. 

Six of these were at the five per cent level and one at the one per cent 

level. There were three from the hypochondriasis, three from the de¬ 

pression, and one from the hysteria scale. The hypochondriasis stat- 

ments were: “I commonly wonder what hidden reason another person 

has for doing something nice for me,” (T); and, “Much of the time my 

head seems to hurt all over,” (T); and “I have never had a fainting 

spell,” (F). The depression statements were: “I sometimes keep on at 

a thing until others lose patience with me,” (T) and, “I have never 

vomited blood or coughed up blood,” (T); and, “I certainly feel use¬ 

less at times,” (T). The statement which was found to be significant 

in the hysteria scale was, “My sleep is fitful and disturbed,” (T). 

Eight statements were proved to be significant in the psychopathic 

scale, six at the five per cent level and two at the one per cent level, but 

the direction is reversed with the violators showing more frequent re¬ 

sponses. The six five percent level statements were: “I am sure I get 
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a raw deal from life,” (T); “I am sure I am being talked about,” (T); 

“I am easily downed in an argument,” (F); “In school I was some¬ 

times sent to the principal for cutting up,” (T); “I have been disap¬ 

pointed in love,” (T); “My way of doing things is apt to be misunder¬ 

stood by others,” (T). The two questions which were on the one per 

cent level of confidence in the phychopathic deviation scale were: “My 

conduct is largely controlled by the customs of those about me,” (F); 

and, “What others think of me does not bother me,” (F). 

Moving to the psychotic scales of the MMPI, it was found that 21 

statements were answered by the violator with sufficient frequency to 

be significant, with 12 statements being at the five per cent level and 

nine statements at the one per cent level. 

On the paranoid scale four statements were significant, “I have 

never done anything dangerous for the thrill of it,” (T); “I am sure 

I get a raw deal from life,” (T); “I am sure I am being talked about,” 

(T); and “I feel that I have often been punished without cause,” (T). 

The five statements on the psychasthenic scale were: “Life is a 

strain for me much of the time,” (T); “I certainly feel useless at 

times,” (T); “Often I cross the street in order not to meet someone I 

see,” (T); and “Almost every day something happens to frighten me,” 

(T). 

On the schizophrenic scale, eight questions proved to be significant, 

six at the five per cent level and two at the one per cent level. “I have 

had blank spells, in which my activities were interrupted and I did not 

know what was going on around me,” (T); “Once in a while I feel hate 

toward members of my family whom I usually love,” (T); “Life is a 

strain for me much of the time,” (T); “Most of the time I would rather 

sit and daydream than to do anything else,” (T); and “Almost every 

day something happens to frighten me,” (T). 

Four of the 21 statements which were significant in the psychotic 

triad were on the hypomanic scale. “I am an important person,” (T); 

“I sometimes keep at a thing until others lose their patience with me,” 

(T); “I have had blank spells in which my activities were interrupted 

and I did not know what was going on around me,” (T); and “I feel 

that I have often been punished without cause,” (T). 

The 104 forgers who made good on parole had higher neurotic scores 

than the violators on the MMPI scales Hs, D, and Hy. Likewise, the 

successful parolees had lower psychopathic deviate scores as well as 

lower scores on the Pa, Pt, Sc, and Ma scales of the MMPI. 

In summary we find the forger parole violators were less neurotic 
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but more inclined to make higher psycopathic-deviation scores, and 

higher psychotic scores than was found of the non-violator forgers. 
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Phylloxera devastatrix and its Gall 

by FLOYD F, DAVIDSON 

Baylor University 

INTRODUCTION 

THE FIRST taxonomic study of the “North American Phylloxerinae” 

was made by Pergande in 1903. Following this report numerous in¬ 

vestigators elaborated on the life histories and gall-producing habits 

of these insects (Baker, 1932; Cook, 1904; Rosen, 1916; Whitehead, 

1934; Whitehead and Eastep, 1937). These earlier workers found no 

suitable method of rearing the different phylloxeran forms in the lab¬ 

oratory and, therefore, based their descriptions and conclusions almost 

entirely on field observations. The purpose of this report is to describe 

a simple method of culturing and studying the different forms of Phyl¬ 

loxera devastatrix in the laboratory and to supplement Pergande’s 

description of the species. 

Phylloxera devastatrix was described and recorded by Pergande 

(1903) as an exclusively southwestern or western species. He received 

collections of the insects and their galls from Mississippi and Louisi¬ 

ana in 1887 and 1889, respectively, where they caused great damage 

to the Pecan-Hickory (Hicoria olivaeformis) during the months of 

May and June. 

Pergande’s classification of this species was based on the appearance 

of the alate form of the insect, and on the morphology and location of 

the galls on the host. Even though he was aware of the different forms 

in the life history of many related species of Phylloxerae, Pergande 

made no mention of the apterous forms in his description of P. devas¬ 

tatrix. The present report includes a detailed account of the life his¬ 

tory of the insect as it occurs in the laboratory and in the field. 

Phylloxera devastatrix, a species not previously reported from 

Texas, has inflicted temporary damage to Hicoria pecan in isolated 

areas in McLennan County, especially on the campus of Baylor Uni¬ 

versity, for more than eight years. During seasons of high infestation 

many of the trees yield little or no fruit. It seems unlikely, however, 

that permanent damage has been caused by the insects since the trees 

approach normal production as infestation lessens. 

201 
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MATERIALS AND METHODS 

All stages in the life history of P. devastatrix were reared 

under partially controlled conditions, with the exception of the hatch¬ 

ing of the stem-mothers. Different infested portions of Hicoria pecan 

were collected during the last two weeks in March and placed in large 

cloth-covered glass containers. These were transferred to a room with 

a thermostatically controlled temperature which varied from 26° C. 

to 30° C. Illumination was provided 8 hrs. daily throughout the ex¬ 

periment by a 150-w. electric light placed 4 ft. from the cultures. The 

average relative humidity (uncontrolled) during the seasonal cycle 

in the laboratory and in the field was 60 per cent. Large immature 

galls were cut transversely in order to allow for periodic examinations 

of the stem-mother and for the determination of the length of the in¬ 

cubation period of her eggs. The cut portions of the galls were securely 

taped together after each examination. Typical specimens of each 

form in the life history of the insect were preserved in 70% ethyl 

alcohol and later mounted in Berlese’s medium (Gray, 1952). Series 

of galls from different infested portions of the host plant, each series 

ranging in size from 2-10 mm., were fixed in formalin-acetic acid- 

alcohol, dehydrated in ethyl alcohol, cleared in xylol, and embedded 

in tissuemat. They were sectioned at 10 microns, some longitudinally 

and others transversely, and stained with safranin and fast green 

(Johansen, 1940). The stained gall sections and the insects mounted 

in toto were photomicrographed. Leaves, twigs, flowers and other in¬ 

fested portions were photographed. 

The life history of P. devastatrix was also observed in the field. In¬ 

fested portions of the pecan tree, previously marked with small tags, 

were observed daily throughout the seasonal cycle. Cloth covers simi¬ 

lar to the bags recommended by Whitehead and Eastep (1937) were 

used to enclose the leaves and other infested portions when winged 

forms were present. Representatives of each stage were transferred 

to the laboratory for microscopic study. Dried galls, pieces of bark and 

other gall-infested portions were examined with the aid of the dissect¬ 

ing microscope for the presence of sexual eggs. The different forms 

grown in the laboratory were compared with those taken from their 

natural habitat to determine the possible effects of controlled condi¬ 

tions on their morphology. 

LIFE HISTORY 

Little difficulty was encountered in rearing the different 

forms of P. devastatrix under partially controlled conditions from the 
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young encased stem-mother to the deposition of the winter eggs by the 

sexuals. 

Large detached galls ripened prematurely and split into four or 

more broad bracts within 24—48 hours after being transferred to the 

laboratory (Fig. 9A, 12A). Bract formation in detached galls occurred 

sooner than in those which matured normally on the host. Theories 

concerning the cause for the ripening and opening of the gall cavities 

will be discussed later. The premature opening of the galls shortened 

the seasonal cycle of the insect by 24-36 hours. Since little or no 

growth occurred in the galls after they were detached, the number of 

eggs laid by the stem-mother was reduced. According to Whitehead 

(1934), the number of eggs deposited by the stem-mother depends on 

the size of the gall and the viability of the larva. These two factors, 

gall size and larva viability, were altered when the galls were removed 

from the host. The average number of eggs deposited by the stem- 

mother in detached galls was 200-300. The eggs hatched in four to 

six days into nymphs (Fig. 3) which fed on the inner lining of the 

drying galls (Fig. 13). These nymphs matured into agamic winged 

individuals, the migratory females (Fig. 4, 13), which were liberated 

when the gall bracts were formed. After emerging from the galls the 

females migrated to dried leaves, sides of the container, or to the cloth 

covers, where they each deposited unfertilized eggs of two sizes. The 

eggs were so numerous the cloth covers and container walls were given 

a greenish cast. In 12 to 24 hours after the eggs were deposited, bodies 

of dead migratory females covered the bottom of the containers. In 

2-3 days the larger eggs (Fig. 5B) hatched into sexually mature fe¬ 

males and the smaller (Fig. 5A) into sexually mature males. There 

were approximately twice as many males as there were females. The 

males were readily distinguished by their narrow bodies (Fig. 7) and 

by the presence of conspicuous posterior copulatory organs (Fig. 8A). 

The males were very active, while the females (Fig. 6) were sluggish 

and more or less stationary. The activities of the embryos and young 

sexuals on the cloth covers were conveniently observed with the dis¬ 

secting microscope. A 15X magnifying glass was used to observe the 

sexual forms on the container wall. 

Mating of the sexuals occurred almost immediately after hatching. 

The females then crawled about the container in search of well pro¬ 

tected places in which to deposit their eggs. Some succeeded in finding 

the dried galls and pieces of bark in the container. In 3-4 days each 

female deposited a single over-wintering egg almost as large as the in¬ 

sect itself. Those females unsuccessful in reaching the galls, bark, or 
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leaves extruded their eggs on the container wall or on the cloth covers. 

The females died at the close of oviposition. Unlike many other gall- 

producing insects, the body of the female did not remain over the ex¬ 

truded egg. The life of the male was a little less than three days and 

that of the female was approximately five days. Attempts to hatch the 

fertilized eggs in the laboratory repeatedly failed. Likewise, sexual 

eggs transferred from the host to the laboratory failed to hatch. 

A comparative study of the forms which were allowed to mature on 

the host and those reared in the laboratory indicated that the mor¬ 

phology of the insect was unaltered by controlled conditions. Evidence 

of physiological changes, however, was shown in a reduction in the 

number of individuals produced in the detached galls. 

Observation of the life history of P. devastatrix in the field was also 

recorded. In March the stem-mothers hatched from over-wintering 

eggs which were deposited the previous summer in dried galls and 

other well protected places. These extremely active apterous females 

could be seen scurrying about in search of new plant growths. When 

suitable locations were found, usually on very young leaf or flower 

buds, they began feeding on the tender tissues. In 2-3 days the cells 

in the vicinity of the larvae began a rapid abnormal growth, resulting 

in an almost complete encasement of the stem-mothers by the plant 

tissue (Fig. 14). The gall tissue and enclosed larva developed simul¬ 

taneously, but at maturity the size of the gall cavity was many times 

that of the larva. The larva matured in 10-14 days after the first 

visible appearance of the gall, and deposited 300-500 glistening eggs 

upon the inside wall of the gall (Fig. 13). These eggs hatched in about 

3 days into nymphs which matured into migratory females. As the 

females matured the galls split into transverse bracts similar to those 

formed in the detached galls. The migrants thus freed settled upon 

leaves and twigs in the vicinity of the galls from which they emerged. 

Even though the migratory females possessed functional wings and 

were capable of flying to another host tree, most of them remained on 

the same tree on which they were hatched. Trees growing near highly 

infested plants remained uninfested during the eight years. 

After settling, the migratory females deposited eggs of two sizes, 

the larger ones of which hatched in approximately one week into sex¬ 

ually mature females and the smaller into sexually mature males. As 

in the laboratory-grown forms, the males outnumbered the females. 

After mating the females moved to well protected places under the 

bark or in old galls where they each deposited a single egg. The fe¬ 

males died soon after the eggs were extruded. 
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THE GALL 

The external features of devastatrix galls resemble the galls 

of P. caryaecaulis Fitch, often called the Hickory-gall aphid (Felt, 

1940), and those of P. notabilis Pergande, the so-called pecan leaf 

Phylloxera (Whitehead et aL, 1937). From both of these forms, how¬ 

ever, devastatrix galls differ markedly in their morphology and in the 

range of tissues infested. Caryaecaulis galls appear on twigs, leaf 

petioles, and on various parts of the flower but never on the leaf blade 

proper (Whitehead, 1934). Notabilis galls occur only on the ventral 

surface of pecan leaves (Whitehead et al., 1937). In the area under 

observation devastatrix galls were found on twigs, leaf petioles, ra- 

chises, catkins, calyxes of female flowers, as well as on the midribs 

and small veins of Hicoria pecan (Fig. 9-11). 

Phylloxera devastatrix galls, which may occur singly or in clusters, 

have single larval chambers. Mature single galls reach %-2 inches in 

diameter before the formation of bracts. The gall diameter parallel to 

the vein, petiole, etc., is slightly greater than the perpendicular diam¬ 

eter. They are usually green or greenish-yellow in color and turn 

brown or black as they ripen and dry. Frequently as many as 6-8 

single galls may be so closely united that they appear as a compound 

gall with many larval chambers. These clusters are very irregular in 

form and size, the larger ones often reaching several inches in diameter. 

Young galls are provided with a short, more or less prominent nipple 

(Fig. lOA) guarded internally by short plant hairs (Fig. 14A). The 

nipples disappear in mature galls, their position being indicated by a 

small pubescent spot. On leaf blades the nipples are always on the ven¬ 

tral surface. At maturity the gall cavity is usually lined with eggs and 

young migratory females (Fig. 13) and suggests in appearance the 

crystals of a geode (Felt, 1940). 

The opening of the gall cavities raises the question concerning the 

cause of the ripening and breaking of the galls just at the time the 

winged forms are ready to emerge. Numerous theories have been ad¬ 

vanced to account for this phenomenon in other types of galls: dessica- 

tion of the galls (deGeer, 1773); tissue-tension due to dessication 

(Frank, 1896); withdrawal of the gall sap by the insect (K., 1884); 

pitting and lignification of the “parenchyma complex,” and the 

“heterogeneous thickening of the parenchyma wall” (Kiistenmacher, 

1894); and dessication due to cessation of sucking by the nearly mature 

nymphs which provide the stimulus for the sap stream (Borner, 1908). 

Plumb (1953) believes that the first drying of galls and the opening 

of the cavities is not due to an interruption of the water supply. He 
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Fig. 1-8. Photomicrographs to show the different forms in the life history of Phylloxera 

devastatrix. Fig. I. Mature stem-mother from a developing gall, ventral view X25. Fig. 2. 

Embryonated eggs of the stem-mother X90. Fig. 3. Migratory female nymph, ventral view, 

showing (A) wing pads X20. Fig. 4. Migratory female, ventral view XI5. Fig. 5 Migratory 

female eggs, showing (A) egg which will develop into a male form, and (B) egg which 

will develop into a female form X75. Fig. 6. Female form, ventral view X75. Fig. 7. Male 

form, ventral view X75. Fig. 8. Lateral view of a male to show (A) copulatory organ X75. 



Fig. 9-14. Photographs and photomicrograph showing different parts of the host in¬ 

fested by P. devastatrix gails. Fig. 9. Galls developing on (A) petiole, (B) midrib, (C) 
leaflet stem, (D) rachis, and (E) veinlet. Fig. 10. (A) Typical nippled gall on leaf petiole, 

and (B) mature gall cut transversely to show stem-mother eggs and nymphs of migratory 

females. Fig. M. (A) Immature gall on catkin, and (B) mature gall on calyx of female 

flower. Fig. 12. Ventral surface of a leaflet, showing (A) mature gall with bracts, and 

(B) migratory female eggs. Fig. 13. Mature gall opened to show emerging nymphs and 

migratory females. Fig. 14. Section through a young gall and leaf petiole, showing the 

encased stem-mother: (A) plant hair around gall orifice, (B) nutritive area, and (C) 
protective area X 20. 
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stated that the opening of the chambers of Adelges abietis Linn, galls 

may be at least partially due to the ‘‘stress that results from the com¬ 

position and position of the gall tissue.” This theory, however, does 

not wholly account for bract formation in P. devastatrix galls. In these 

galls there is a much wider variation in the types of tissues attacked 

than in adelges galls and in most cases the type of stress described by 

Plumb is totally absent. There is little evidence in the present study 

to support either of the above theories; and yet, the maturation of the 

insect and the formation of bracts coincide so closely it can hardly be 

considered fortuitous. Even though recently opened bracts failed to 

close when the galls were placed in water, the dessication theory ap¬ 

pears to be the most logical explanation for the ripening and opening 

of P. devastatrix galls. 

There is little relation in the form of the gall to the normal structure 

of the tissue from which it develops. In the development of the gall 

there is a distinct differentiation of the normal plant tissue into an 

outer protective region of several layers of large cells (Fig. 14C) and 

an inner nutritive region composed of smaller cells (Fig. 14B). The 

layers in direct contact with the gall producer show a great increase in 

the number of cells compared to the normal tissues which produce 

them. 

STEM-MOTHER 

The young stem-mother is ovoid in shape but becomes 

broadly pyriform as it grows and eggs begin to develop. The mature 

larva (Fig. 1) is grayish-green in color with black antennae and legs. 

The body length is 1.09 mm.; width across the meso-thorax 0.66 mm.; 

total length of antennae 0.16 mm.; third antennal segment about one 

and one-half times the length of the other two combined, uniform in 

diameter and coarsely scaly. The beak and legs are stout, the former 

reaching slightly beyond the middle coxae. The eggs deposited by the 

stem-mother are oblong, highly polished, cream colored and 0.19 mm. 

X 0.11 mm. in size. They are slightly more pointed than the eggs 

produced by the other forms. 

NYMPH 

The average body length of the nymph (Fig. 3) with well 

developed wing pads is 1.60 mm. The antennae are 0.23 mm. in 

length; diameter across the mesothorax 0.62 mm. The antennae, legs, 

beak, and wing pads are amber or dark brown in color. The thoracic 

segments are much darker. 
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MIGRATORY FEMALE 

The migratory female of P. devastatrix (Fig. 4) resembles 

that of P. caryaecaulis and P. perniciosa. It differs from both, however, 

in the antennae, which are more slender, with no constriction above 

the lower sensorium, and with the anterior sensorium greatly reduced. 

The body length is 1.50 mm. to 2.00 mm.; diameter across mesothorax 

0.66 mm.; color dark brown; mesothorax, metathorax and sternal plate 

black; abdomen finely striated and lined with small sharp points. The 

eyes are black with distinct facets. The antennae and legs are light 

brown, long and slender; antennae 0.28 mm. in length; first antennal 

segment 0.046 mm. X 0.049 mm., uniform in diameter; second anten¬ 

nal segment 0.034 mm. X 0.33 mm., uniform in diameter and rounded 

distally; third antennal segment 0.20 mm. in length. The first and 

second segments of the antennae are scaly while the third is coarsely 

annulated and scaly. The anterior sensorium is about one-fourth the 

length of the third segment; the lower sensorium very small, measur¬ 

ing approximately 0.01 mm. in diameter or completely absent. The 

metathoracic legs are long and stout, 0.90 mm. to 1.00 mm. in length; 

mesothoracic legs 0.70 mm. in length; prothoracic legs 0.75 mm. in 

length. The tibia of each leg has a pair of prominent distal spines. From 

the dorsal surface of each terminal tarsal segment there projects a pair 

of long hairs, each of which terminates in a club-shaped sensory struc¬ 

ture. The front wings are light brown, rather large, with a spread of 

3.50 mm.; width of wing base 0.16 mm.; width of wing at apex 0.70 

mm.; stigma dark. 

SEXUAL EGGS 

The migratory females lay eggs which hatch into the ap¬ 

terous sexual forms. These eggs are greenish-yellow in color and are of 

two different sizes. Those producing the males (Fig. 5A) are oval and 

are 0.23 mm. X 0.11 mm. Those producing the females (Fig. 5B) are 

0.33 mm. X 0.23 mm. 

SEXUALS 

The males and females are sexually mature when they 

hatch. Their mouth parts are vestigial, and because of their inability 

to obtain food, little or no growth occurs in either sex after hatching. 

The females (Fig. 6) are 0.30 mm. in length and 0.11 mm. across the 

mesothorax. The antennae are 0.10 mm. in length; the third segment 

0.08 mm. X 0.01 mm. and distinctly annulated. The male (Fig. 7-8) 
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is 0.30 mm. in length and 0,07 mm. across the mesothorax; antennae 

0.08 mm. in length; third segment 0.04 mm. X 0.02 mm. The copu- 

latory organ is very conspicuous, 0.03 mm. in length, curved or 

sword-shaped, and well pointed (Fig. 8A). 

WINTER-EGG 

The over-wintering eggs are dull gray in color and are very 

difficult to detect with the unaided eye. They are about the size of the 

eggs which produce the male forms, slightly curved, and curiously 

sculptured. 

SUMMARY 

A simple method of rearing the different forms in the life 

history of P. devastatrix has been described. Since Hicoria pecan is 

the only known host of this species, no attempt was made to grow the 

galls in the greenhouse or in the laboratory. Numerous unsuccessful 

attempts were made to hatch the fertilized eggs under artificial con¬ 

ditions. No detectable morphological differences were observed in the 

laboratory-grown forms and those allowed to mature in the field. 

Like many related species, the life history of P. devastatrix is a com¬ 

paratively simple one. In the spring the apterous stem-mother hatches 

from an over-wintering fertilized egg and induces the formation of a 

gall. The female develops within the gall and deposits unfertilized 

eggs. The nymphs which hatch from these eggs develop into agamic 

winged females. These produce eggs of two sizes, the larger ones of 

which hatch into sexually mature females and the smaller into sex¬ 

ually mature males. The sexuals mate and each female deposits a 

single fertilized egg which persists over winter. 

Phylloxera devastatrix differs from closely related species in the 

morphology of both the apterous and alate forms, and in the structure 

and location of the galls produced. The diversity of tissues attacked 

by P. devastatrix is much greater than either of the species mentioned. 

Only temporary damage has been caused by the insects and no con¬ 

trol measures have been found necessary in this region. 
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Migrant Labor as a Conservation Problem 

by JOHN G. SINCLAIR 

University of Texas Medical Branch 

WHY is the migrant laborer a conservation problem? Because of his 

large numbers and relatively low status. He is a pawn in the hands of 

antisocial forces for which we are all in part to blame. His wages are 

generally below subsistence levels. His working period is a short inter¬ 

lude in a long period of unemployment during which he makes no 

progress and is easily debauched. He takes no part in the organized 

civic activity about him. His family partakes of his degradation in their 

small contributions to the family income, the terrible housing and 

lack of sanitation, the diseases and the shortened lives which follow. 

His children are uneducated and unskilled. No nation can claim the 

role of leadership with that kind of chronic ulcer on its bottom. 

How long has this problem existed in the United States? Exploita¬ 

tion of slave or serf labor has been a part of the history of the United 

States since its beginning. From time to time waves of reform have 

cleaned up particularly unsavory situations, but the condition of the 

migrant has deteriorated in recent years. Many of the pioneers of this 

country were migrants, stopping only long enough to recuperate for 

the next move. In this way the Mississippi Valley was populated from 

the Atlantic seaboard; a second wave carried over to the Pacific coast. 

There is still a great deal of adventurous migration toward better op¬ 

portunities. 

In the period from 1880 to 1910 farms generally were small enough 

to be worked by the large rural families living on them. The unem¬ 

ployment of the winter was absorbed there, or the young men moved 

into the city and into industry. The industry of that day was also 

small and seasonal. It produced tremendous waves of demand and un¬ 

employment. Unionization of labor, consolidation into larger indus¬ 

tries, together with diversification of product, has resulted in a more 

uniform use of labor over the entire year. 

Two factors led to a large migrant farm population. First has been 

the steady population drift from farm to city because of financial ad¬ 

vantages. Farm income averages one-third of urban income. Secondly, 

increase in farm size and specialization in single crops have required 
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a large force of labor at harvest time. Migrant labor has never been 

organized or protected. 

When the situation first appeared, it was met by migration of the 

unemployed from the cities, including a large student population that 

was available during the summer. I was one of that group in 1909, 

We bought passage to points in Texas, Oklahoma, or southern Kansas 

and became oriented by conversation on the train. Choosing a locality, 

we debarked and made arrangements with the farmers who came to 

town. Wages in the wheat areas ran $3.50 to $4.00 per fourteen-hour 

day. Housing was adequate and food was both good and plentiful. 

Each farmer hired one or more helpers. Then everybody moved all 

available equipment from one farm to the next until that district was 

covered. It provided several weeks of work before we moved to points 

north. Many of us ended the summer in the Dakotas. That labor was 

100 per cent white and up to 1940 was still 85 per cent white. 

During the first World War this source dried up a little, and by 1930 

it nearly stopped. Industry increased its work-year. The size of farms 

increased and more farm machinery was put to use. Many small 

farmers could not stand the competition and sold out. Finally about 

1930 drought struck the Midwest and the share-croppers and tenants 

hit the road with their whole families looking for work. Surplus of 

labor was enormous and unemployment was the rule. They followed 

the old route of promise to the West and were called Okies. Some of 

us remember the degradation and social ostracism they encountered 

on their way to California. It happens, however, that these people saw 

opportunities to settle down and many never returned. At first they 

worked for others, then bought their own farms and today are among 

the respected and substantial members of society in localities along 

the coast. It is well to remember that these people a few years ago were 

called the shiftless, lazy, no-good scum of the earth. 

Industry was the first to lobby for immigration in order to profit by 

cheap labor. As labor became organized, the stream slowed and the 

second World War stopped it. The development of large farms was 

encouraged through absentee ownership by large insurance companies 

and other large investors. They were operated by managers. As crop 

specialization and use of machinery increased, the seasonal demand 

for harvest labor also increased. Organizations of employers started re¬ 

cruiting labor from other states. In general, the North recruited in 

the South. Railroads were responsible for a heavy demand. This 

brought a large population of Negroes north and most of them have 

stayed. By 1946 half the migrant population was Latin-American and 
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only 15 per cent Negro. The resulting labor stringency in the South 

led to retaliation by requiring labor recruiters to become licensed, and 

by placing restrictions on their activities. Independent solicitors take 

a large toll from the farmers (often a dollar a day per worker) and 

this must come out of wages. It is often split with secondary agents. 

During this time the general pattern of migrant labor has become 

defined. Mechanization and shifting patterns of weather alter the 

numbers distributed and the time of arrival, but the pattern of migrant 

labor remains unchanged. Fifty-two per cent of this country’s farms 

employ no outside labor. Nine per cent of the farms employ 80 per cent 

of the man-day labor. Of the total farm work, migrant labor is only 

1 /400, but it is used at such a short critical period that it constitutes 

one-third of the labor force. 

Crops demanding migrant labor are approximately as follows: 

Along the east coast fruit, potatoes and vegetables require 30-35,000 

workers. The Great Lakes region requires another 35-40,000 in vege¬ 

tables, fruit and sugar beets. The northwest fruit and beet belt takes 

another 25-30,000, and the California coastal valleys with varied 

fruit and vegetables take 70,000 to 100,000. Much of the latter comes 

from the Mississippi Valley and from Texas. Wheat harvest starts in 

Texas and continues upward through the Midwest and Northwest. To¬ 

gether with cotton it requires 60-70,000 in Texas and then spreads out 

in all directions. The Rio Grande Valley keeps 30,000-40,000 busy 

from November to August with many rushes and lay-offs between. 

The Mississippi Delta has an enormous demand for 80,000-100,000, 

but this is supplied by its own share-croppers or from neighboring 

states. 

The composition of the labor supply is various, as is shown by the 

following figures for 1949 (Table I): 

TABLE I 

Native 

Negro 100,000 
Anglo 153,000 
Latin-American 250,000 

Indian unknown 

Foreign 

Mexican Contract 200,000 
Mexican Wetback 400,000 
Central American Variable 

up to 20,000 
Filipino small, variable 

Along the borders of the Indian reservations there is a large move¬ 

ment outward to neighboring farm areas for short periods. If regulated 

and protected this could be a valuable contribution, but reports at the 

Hearings on Migrant Labor indicate that it is not. 
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About half of this labor force moves on its own initiative and half 

of it is controlled by labor contractors. The cost of this crew system 

varies greatly, but a 12 per cent levy on the gross payroll is considered 

normal. 

The onset of the second World War called for tremendous expan¬ 

sion of agriculture under government support. Marginal land was used 

and the government took a hand in recruiting contract labor in foreign 

countries. This had two effects. Where contract labor was present in 

excess, it depressed wages for domestic labor. Foreign labor was granted 

specified transportation, medical care, housing, unemployment in¬ 

surance, and other benefits not guaranteed to domestic labor. The re¬ 

sult of the competition was to cut down the work year still farther. In 

1946 it was 113 days for agricultural labor; in 1947 it was 106 days; in 

1948 it was 104 days; in 1949 it was 91 days plus 10-30 days at other 

work. This means that each migrant worker is idle two-thirds of the 

year. 

The cure is not more workers but more days of labor for each. The 

work week in south Texas may vary from 3 to 93 hours, and the work 

is practically all on a piece-work basis. In 1947-48, 82% of families 

employed in agriculture had less than $2,000 for the year, with nearly 

4 workers per family. Housing and sanitation are worse than that 

given to Negro slaves years ago. The median family income found in a 

study of Hidalgo County was $340 for such a family. Six to seven oc¬ 

cupy one room and sleep on planks or in boxes. A graded scale of wages 

starts in lower Texas at about $0.38 an hour and rises to the north and 

west to about $1.25 an hour in Washington and Oregon, Some of the 

lowest average wages are paid in the Carolinas and Georgia. A table of 

wages from 1910 to 1950 is shown below (Table II). 

The migrant who has his own truck and takes his family will be 

TABLE II 

Daily Wage Rates 1910 1920 1930 1940 1950 
So. Atlantic . .90 2.45 1.55 1.20 4.05 
E. So. Central. .95 2.30 1.35 1.05 3.55 
W. So. Central ........ 1.20 3.00 1.60 1.25 4.65 

U. S. Average . 1.35 3.30 2.15 1.60 4.80 

New England .. 1.55 3.80 3.45 2.65 6.90 

E. No. Central. 1.60 3.95 2.65 2.15 6.40 

Mid-Atlantic . 1.60 4.05 3.30 3.40 6.50 

West No. Central. 1.75 4.60 2.75 2.00 7.20 

Mountain . 2.00 4.25 2.90 2.20 7.00 

Pacific . 2.05 4.65 3.45 2.80 8.30 

Waskington .. 9.10 
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more likely to follow the harvest north by stages. About half of the 

migrants are recruited in crews by a jefe or truquero. He will load his 

truck with groups of from ten to forty and start north. The first stop 

may be hundreds of miles away, and they have been known to take 

the entire 1200-mile trip to Wisconsin without stops except for gas and 

oil. The migrant is made to feel that he is a stranger in his own country 

because he does not speak the language, and the truquero is afraid of 

losing him en route. The boss makes a contract with the farmer and 

will attempt to handle the whole payroll from which he subtracts for 

the transportation, food, clothing, etc., to keep the worker in debt until 

he returns home. Some have attempted to hijack the payroll, leaving 

the workers stranded. This has made many farmers insist on paying 

the workers directly, and many of the migrants after a season under 

the truquero learn to fend for themselves. 

The abuses of labor contracting have caused a lot of grief for the 

northern communities into which they come. Some farmers have 

thrown the entire responsibility for the worker upon the labor boss 

and have given the minimum of housing and utilities. On the other 

hand, the experience of one Wisconsin farmer is enlightening as to 

the real human quality of the lowest migrants. This farmer had gone 

to great pains to furnish excellent housing with gas, electric irons and 

washing machines for the camp and had brought the families all to¬ 

gether to enjoy community life. He mingled with and knew his work¬ 

ers. When the drought hit and ruined a large part of his crop, he 

could no longer hire them. They got together and decided that their 

Patron was in trouble and that they would stay with him for mainte¬ 

nance. They stayed and pulled the whole operation onto its feet again. 

Farms all around this one lost all their workers at the beginning of 

the drought. 

The waves of wetbacks that obtain entrance into Texas and Cali¬ 

fornia make a bad situation much worse. Wages are depressed below 

subsistence levels and the whole family suffers. One large camp ex¬ 

amined by a physician and social worker disclosed that 96% of the 

children had drunk no milk during the preceding six months. Eight 

of every ten adults had had no meat in the same period. In one Florida 

camp 180 people lived in 60 rooms with three toilets, one of which 

was in working order at the time of the inspection. The children do 

not attend school or become so irregular that they are over-age for 

their grades and drop out. The parents say they want the children 

educated, but they must either work or starve. In the San Antonio 
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district thousands of the children never have attended school of any 

sort. 

The plight of the wetback has been told many times in the maga¬ 

zines, radio, and newspapers, but it cannot be understood aside from 

the general position of the Latin-American in Texas. Many original 

Texans were Latin-Americans. The wetback is a Mexican, and the 

dislike for wetbacks has been transferred to La tin-American citizens 

whose families have been here for generations. It is shown by dis¬ 

crimination in employment, segregation in schools, and mistreatment 

in hotels and restaurants. The superintendent of the Del Rio School 

District openly stated that he favored continued segregation. The cure 

for this is partly a change in Anglo attitudes, but it also calls for active 

political pressure by this minority. There must be an organized at¬ 

tempt by Latin-Americans to assimilate the culture and language of 

this country. They must not remain aliens in their own country. 

If you want to find the poor of Southwest Texas, the malnourished, 

the uneducated; the short-lived because of tuberculosis, diphtheria, 

and whooping cough; those with dysentery and other intestinal dis¬ 

eases caused by poor sanitation, ask the Latin-American. Deaths from 

diphtheria among them is four times the Anglo rate. Death from 

whooping cough is ten times that rate. Deaths from tuberculosis in 

Texas are 40/100,000 for Anglos, 50/100,000 for Negroes, but 140/ 

100,000 for Latin-Americans. This is not a local problem because 

these people take their diseases with them when they migrate north. 

A team from the Medical Branch of The University of Texas demon¬ 

strated in 1950 that the enormous infant death rate of San Antonio 

was preventable, but nothing permanent resulted. The highest infant 

death rate in the country is here. San Antonio is unfortunately a con¬ 

centration point for these problems which have overwhelmed local 

resources. The result is apathy toward any cure. Since the economic 

and sanitary aspects are beyond local resources, the State and Federal 

governments are morally involved. 

The problem of the wetback is much worse than this. He has no 

status. He cannot leave the farm or he risks deportation. While the 

Immigration Service knows of his presence, it postpones his deporta¬ 

tion until the employer is through with him. The worst single abuse 

has been reported by A1 Liebson for the El Paso district. 

In 1948, at El Paso, wetbacks crossed at a rate of 20,000 to 40,000 

a month to pick cotton at $2.00 per 100 pounds. This wage generally 

dropped to $1.50 per 100 pounds or about 30 cents an hour. With 

government support the planters made fortunes from this situation. 
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Great Western Sugar Company had a train ready to carry these mi¬ 

grants out of town by the thousands. 

On a smaller scale this happens in Chicago and Detroit, to which 

the wetback has been able to travel before apprehension. Instead of 

returning him at once, he has been paroled to his employer (the only 

person he knows). The hearings on Migrant Labor before a Senate 

committee brought the comment from Senator Humphrey that he 

thought some new agency was needed to ride herd over the responsible 

administrative departments until they straightened out in line with 

the laws. 

The condition of housing along the border and precarious wage 

levels have been the subject of two very good studies. However, any¬ 

one becoming too specific with criticisms has to take the consequences 

even in Austin. In 1950 President Truman appointed a commission 

to study migrant labor and report recommendations. Archbishop 

Lucey of San Antonio was a member of that commission, and his short 

report at the time of the hearings is a model of clear reasoning on the 

subject. After the commission’s report and its 64 recommendations 

was published, the magazines and editorial columns printed a flood of 

comment. Out of 62 such items in the first two months, only nine were 

condemnatory, and they all came from Texas. 

While reform in Texas crawls along, many northern states have 

enacted excellent laws. California, Wisconsin and New Jersey have 

implemented laws regarding wages, housing, sanitation, and educa¬ 

tion. Enforcement has been variable because too much of the burden 

is placed on the communities near the camps and these communities 

are running short of funds. California has an extension department in 

agriculture, which reaches the workers in the camps, for adult train¬ 

ing in sanitation and in the principles of agriculture. Experiments in 

several localities in Wisconsin provide valuable experience in han¬ 

dling children of various ages but of the same degree of elementary 

education. 

The significance of the wetback invasion was pointed up by Arch¬ 

bishop Lucey at the hearings for migrant labor. The number enter¬ 

ing Texas almost exactly equals the number of Texans who leave the 

state. Contract labor results in a still greater exodus. Furthermore, 

the people who leave go north to do exactly the same kind of labor 

they would have done here. It is obvious that the low standard of 

living offered in South Texas is the basis of the migratory movement. 

They are pushed by starvation instead of being pulled by hopes of the 

good life. And the control of this checkerboard game requires 800 fed- 



220 THE TEXAS JOURNAL OF SCIENCE 

eral and state officers for a full five months of work. The border coun¬ 

ties would be satisfied to stop the wetback influx if they were granted 

contract labor at a very low wage level, about $2.50 a day at piece-work. 

There are two objections to this. It does not solve the problem of pov¬ 

erty and disease mentioned above. The northern states are becoming 

aware of the kind of competition which this fruit and cotton produced 

by serf labor gives them in the open market and they do not like it. 

All the work done by migrant labor in this country could be done 

without a single contract laborer or illegal alien if the work-year were 

extended by six days, from 91 to 97 days. 

President Eisenhower has continued the interest of the Federal 

Government by appointing a continuing committee on migratory 

labor composed of representatives of several of the administrative de¬ 

partments. They have $50,000 a year to work with. The interests of 

labor and of the public are supposed to be included. They published 

a list of recommendations in 1952. A bill to regulate the conditions of 

migrant labor was discussed in the Senate, A group of opportunist 

senators made monkeys of themselves while playing with human lives. 

The resulting law is so poor that it cannot receive support from the 

original commission. This attitude of our lawmakers plays directly 

into the hands of the Communists abroad. You can be sure they will 

make full use of it. We must not forget that by far the largest part of 

the world population is colored more or less. 

We cannot make progress on this series of problems unless we agree 

that human life and human development is of more value than any 

crop on a dollar-and-cents basis. No man should be deprived of citizen 

status because he migrates for a living. People will have to pay a little 

more for food and clothing to support the idea, but the United States 

as a whole will profit by it. Few of us realize the large number of 

privileges we have as citizens which are denied to transients. 

Agriculture must accomplish what industry has accomplished in 

spreading the work year through mechanization and diversity of crops. 

The Federal Government must control labor distribution through its 

fact-gathering organizations. Increased efficiency will permit all labor 

a living wage, and extension of the work year will make foreign com¬ 

petition in our own fields unnecessary. Population pressure from Mex¬ 

ico and from Central America will increase, and eternal vigilance will 

be necessary or our living standards will deteriorate generally. 
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First Records from Texas of Hybopsis gracilis and 

Notropis girardi^ with Comments on Geographic 

Variation of the Latter 

by FRANK B. CROSS, WALTER W. DALQUEST, AND LEO LEWIS 

INTRODUCTION 

RECENT lists and comprehensive accounts of the fishes of Texas 

(Jurgens and Hubbs, 1953; Knapp, 1953; Baughman, 1950) have not 

mentioned the flathead chub, Hybopsis gracilis (Richardson), and the 

Arkansas River shiner, Notropis girardi Hubbs and Ortenburger, nor 

have we found other record of the occurrence of these species in Texas. 

Collections made in 1954 by Dalquest and Lewis reveal that both 

species are common in the Canadian River along almost its entire 

course across the panhandle of Texas. Specimens were taken at these 

localities, all in the mainstream of the Canadian River: town of Ca¬ 

nadian, Hemphill County; Highway 117 crossing north of Borger, 

Hutchinson County; Highway 287 crossing north of Amarillo, Potter 

County; and Old Tascosa bridge crossing, Oldham County. 

Southwestward extension of the known ranges of these fishes, within 

the limits of the Arkansas River System, is not surprising. Both have 

been reported from the South Canadian River in Oklahoma (Orten¬ 

burger and Hubbs, 1927: 125 [Platygobio gracilis]; Hubbs and Orten¬ 

burger, 1929: 28 [P. gracilis] and 32-33 [Notropis girardi, orig. 

descr. ]). The Canadian River seems to be the southern limit of the 

range of H. gracilis, which occurs northward in the larger rivers of 

the Great Plains to southern Canada (Jordan, Evermann and Clark, 

1930: 136). Among subspecies currently recognized in H. gracilis, 

specimens from the Canadian River can be referred to H. g. communis. 

Notropis girardi is endemic in the Arkansas River System, and abounds 

in the expansive sand-filled channels of the larger western tributaries 

—the South Canadian, North Canadian, and Cimarron rivers in Okla¬ 

homa, and the Arkansas River in Kansas. 

Visual comparison of N. ‘girardi from Texas with specimens from 

Kansas indicated a difference in size of eye, prompting investigation of 

possible geographic variation in this species. Preliminary results are 

presented here, using series of specimens from three localities: (1) 
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upper Canadian River, on U. S. Highway 287 north of Amarillo, Potter 

County, Texas (KU 3245), at the southwestern extremity of the 

known range; (2) lower Canadian ( = South Canadian) River, U» S. 

Highway 62 at Cleveland County-McClain County line, Oklahoma 

(KU 2330); (3) Arkansas River, Sec. 7 and 18, T. 24S, R. 33W, Fin¬ 

ney County, Kansas (KU 2651), at the northern end of the range of 

the species. Characters investigated were some that seem especially 

subject to geographic variation in minnows: the number of anal rays 

and lateral-line scales, and the lengths of the head and orbit relative to 

standard length and to each other. The head length as used here is the 

distance in a straight line from the tip of the snout to the posterior bony 

edge of the opercle. The opercular membrane was excluded from the 

measurement because it is variably curled under, introducing an 

avoidable error. 

No appreciable differences exist between the three series of speci¬ 

mens in the number of anal rays (almost always 8) or lateral-line 

scales (32-37, most often 34 or 35). 

Lengths of the head and orbit are demonstrably different when 

comparisons are restricted to specimens of similar size, thereby re¬ 

ducing variation due to ontogenetic change (Table I). The tabulated 

values indicate the following: (13 the population at locality 2 (lower 

Canadian) is intermediate between populations at locality 1 (upper 

Canadian) and locality 3 (upper Arkansas) in all three characters; 

(2) the means of populations at the three localities differ significantly 

in all three characters; (3) the magnitude of difference in two char¬ 

acters (orbit-A-standard length and orbit-a-head length) seems suf¬ 

ficient to permit 75 per cent separability of specimens from localities 1 

and 3, but insufficient to permit separation, at the 75 per cent level, of 

representatives of either locality 1 or locality 3 from representatives of 

locality 2. 

As a check on possible aberrancy of specimens from locality 1 and 

locality 3, additional specimens from nearby points (Texas, Hemphill 

County, KU 3410, and Kansas, Barton County, KU 2662) were studied 

and found to agree closely in their characters with the appropriate 

values in Table L 

We conclude that divergence has occurred within the range of N. 

girardi^ and has progressed to the point that populations in the upper 

Arkansas and upper Canadian rivers could be recognized as different 

subspecies. Specimens from the lower Canadian would then be con¬ 

sidered intergrades. 

On the question of assigning taxonomic rank to the seemingly differ- 
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entiable forms, however, we are influenced by considerations other 

than the preceding character-analysis. Various factors suggest caution 

in application of names on the basis of these limited data. Populations 

of N. girardi are thought to be continuous throughout the range of the 

species. There are no apparent barriers to individual movement from 

one part of the species-range to any other part, other than mere dis¬ 

tance in relation to the actual extent of individual movement. Al¬ 

though the distinctiveness of certain characters indicates that popula¬ 

tion-interchange is small enough to permit racial differences to arise, 

the degree of expression of morphological differences may follow a 

clinal gradient. The intermediacy of specimens from the lower Ca¬ 

nadian River supports this possibility. Environmental conditions 

throughout the range, which presumably exercise selective action upon 

expression of the differences, seem to favor a hypothesis of clinal vari¬ 

ation. The habitat over the region as a whole is monotonous. Such di¬ 

versities as do occur, in volume of flow and its fluctuation, nature of the 

stream bed, stream gradient, turbidity, and temperature, are limited in 

degree and show gradual transition, both latitudinally across stream 

channels and longitudinally within single component streams. Inter- 

mittency of streams in the Arkansas River System must also influence 

differentiation in N. girardi, although its effect is unknown. The Ca¬ 

nadian River, especially, often is devoid of surface flow for long dis¬ 

tances. Another factor which merits consideration is the peculiar mode 

of spawning of N. girardi, described by Moore (1944) (see also Cross, 

1950: 136). The Arkansas River shiner seemingly spawns only in 

mainstreams during periods of high water. The free-floating eggs and 

larvae drift downstream, under the influence of the current, through¬ 

out the early stages of their development. Moore (1944: 211-212) de¬ 

termined that approximately three days elapse from the time of spawn¬ 

ing until the larvae are capable of horizontal movement. Considering 

that this development transpires during high water, when currents 

are most swift, the young must begin their active existence many 

miles below their parent locality. The pattern of their subsequent 

dispersal is unknown. 

In cognizance of these factors, we think it advisable to avoid as¬ 

signment of names to the extreme forms at hand, pending thorough 

study of the species throughout its range. Conceivably, in view of such 

factors as intermittency, definitive variational studies should include 

not only samples from several additional localities, but also samples 

taken from the same several localities in different years, under differ¬ 

ent environmental conditions. Current recognition of subspecies might 
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emphasize the amount of difference between the extreme forms, but it 

might concomitantly tend to obscure the real nature of the variation 

involved. The lack of names subtracts nothing from the importance of 

the variation, which is the most vital level of variation available for 

study by the ichthyologist, from the standpoint of evolutionary inter¬ 

pretations. Experience with other species of plains fishes implies 

that the Arkansas River shiner is not a special case, but that similar 

problems are of general occurrence. 

Table I 

Proportional measurements, expressed as thousandths of the larger dimension, in 

three series of Notropis girardi. 

No. specimens 

1. Texas, 

Canadian 

River 

25 

2. Oklahoma, 

(South) Canadian 

River 

25 

3. Kansas, 

Arkansas 

River 

25 

standard length mean 34.4 33.4 34.3 

(mm.) range 31.0-38.0 30.5-40.2 32.0-37.4 

mean 238 244 249 

range 227-252 234-257 237-259 

head length 

standard length m -\- s 232-244 238-250 243-255 

m -j- 2sm 236-240 242-246 247-251 

mean 060 065 069 

range 055-064 062-069 062-075 

orbit length 

standard length m s 058-062 063-067 066-072 

m -f 2snx 059-061 064-066 068-070 

mean 254 266 276 

range 241-275 250-282 258-291 

orbit length 

head length m s 245-263 258-274 268-284 

m 2sm 250-258 263-269 273-279 
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Some Studies in the Protein Quality of Cottonseed 

and Cottonseed Cake 

by ANWAR HUSSAIN, ABDUL WAHHAB, AND AZHAR SALEEM 

Punjab Agricultural College, Lyallpur, Pakistan 

INTRODUCTION 

WITH the development of cottonseed oil industry large quantities of 

cottonseed cake are now produced in the Punjab. Roberts (1953) has 

reported that at present about 60 to 70 per cent of the total production 

is crushed. On this basis it is estimated that about 140,000 tons of cot¬ 

tonseed cake are produced in the Punjab. In view of the food shortage 

and greater demand for edible oils, it is expected that in coming years 

the crushing of cottonseed will increase considerably. It is, therefore, 

desirable that cottonseed cake of high quality and uniform composition 

be produced by suitable processing and cooking conditions. 

The value of cottonseed cake depends upon the value of proteins if 

it is to be used for industrial purposes and protein plus oil if it is to be 

used for feeding cattle. In addition, the presence or absence of toxic 

substances, like gossypol, which interfere with the growth of animals, 

are also very important. All these factors are influenced by processing 

conditions, particularly in the Punjab where the conditions of process¬ 

ing are far from satisfactory. It has been pointed out by Olcott (1942), 

Lyman (1947), Krider (1949). and Altschul (1950) that cottonseed 

cake having varying compositions and nutritive value can be produced 

from the same cottonseed by altering the processing conditions during 

manufacture of cottonseed cake. 

In the industrial process of cottonseed cake manufacture in Pakistan, 

the seed is usually neither delinted nor decorticated. It is cooked in 

steam and then pressed in screw presses. According to Thornton 

(1932), “the function of cooking is to permit the proper adjustment of 

moisture, rupture of oil-bearing cells, coagulate the protein, coalesce 

the gummy materials, destroy molds and other lower organisms, and 

make the cake more palatable and wholesome by inactivating the 

gossypol.” The cooking process in the Punjab, as in other countries, is 

considered an art, and in most cases the workmen determine the tem¬ 

perature and time of cooking by feel. Under these circumstances the 

cottonseed is likely to be subjected to different cooking conditions, with 

227 
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the result that cottonseed cake of varying quality and composition may 

be produced. However, it still remains to be established whether or not 

processing under varying conditions has any adverse effect on the feed¬ 

ing value of cottonseed cake for ruminants. Gallup (1950) has reported 

that the comparative value of hydraulic-processed and solvent-ex¬ 

tracted cottonseed meal showed no marked difference in the nutrient 

digestibility between similar rations. 

The present investigations were, therefore, undertaken to study the 

protein quality of different varieties of cottonseed and cottonseed cakes 

of the Punjab (by determining the solubilities of nitrogenous com¬ 

pounds of these products in water and in 3 per cent sodium chloride 

solution) with a view to finding the extent of denaturation during 

processing. 

MATERIAL AND METHOD 

The samples of cottonseed and cottonseed cake were ob¬ 

tained from different cottonseed processing mills through the Chief 

Cotton Inspectors from March to May, 1953. Cottonseed cake samples 

were from the same lot of cottonseed crushed for the purpose. The sam¬ 

ples were stored in wide-mouthed bottles and kept in a cool place. A 

small quantity of the seed was decorticated and the kernels rendered 

fat free with petroleum ether. A small quantity of the cake was pow¬ 

dered in a laboratory mill and then sieved to separate the fibre and 

the hulls. The material was then rendered fat free with petroleum 

ether at room temperature. Total nitrogen was then estimated in the 

whole seed, cake, fat-free kernels, and fibre-free cake by the semi¬ 

micro KjeldahFs method. 

Water and 3.0 per cent sodium chloride-soluble nitrogenous com¬ 

pounds were determined by the method adopted by Olcott and Fontain 

(1942). 

EXPERIMENTAL DATA AND DISCUSSIONS 

Protein in the cottonseed, fat-free kernels, and the amounts 

of soluble nitrogen compounds in terms of percentage of total nitrogen 

are given in Table 1. 

It is clear from the above table that the average percentage of total 

protein in the seeds of fuzzy varieties is slightly lower than those of 

L.S.S. and 4 F. The average water-soluble protein in the seeds varies 

from 19.43 to 21.49. These are slightly lower than the figures reported 

by Olcott and Fontain (1942) for ether-extracted cottonseed meats. 

The 3 per cent sodium chloride-soluble protein in the fuzzy and semi- 
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Table I 

Sample Variety Place 

Total 

Protein in 

Source Protein % Fat-free 

of Seed in Seeds Kernel 

Water 

Soluble 

Protein 

3% 
NaCl 

Soluble 

Protein 

1. 43 F Montgomery Local 18.71 45.42 22.84 57.82 
2. 43 F Pattoki Local 18.11 43.76 22,42 65.00 
3. 43 F Okara " 18.65 48.45 19.99 49.99 
4. 43 F '' 19.28 44.99 19.45 52.31 
5. 43 F ff " 17.76 47.58 19.19 47.98 
6- 43 F ff " 19.27 47.59 21.37 55.96 

Average: 18.63 46.21 20.87 54.84 
Jhania & 

7. 124 F Gojra Khanewal 19.08 50.18 20.68 45.43 
8. 124 F Montgomery Bahawalpur 18.30 45.42 21.22 54.83 
9. 124 F Kasur 19.68 47.15 20.57 S7m 

10. 124 F Mails! Local 18.42 49.75 19.49 52.80 
11. 124 F Mian Channu " 18.30 45.86 21.83 54.97 
12. 124 F ff " 19.34 42.29 20.82 55.25 
13. 124 F Shujabad " 17.70 44.99 21.42 53.36 
14. 124 F ff " 17.06 44.12 21.42 55.60 
15. 125 F Burewala " 17.00 45.85 21.02 54.31 
16. 124F ff " 18.99 47.58 22.47 53.77 
17. 124 F Vehari " 18.67 47.08 20.60 59.72 

Average: 18.41 46.39 21.49 54.36 
18. L.S.S. Gojra Tandlianwala 19.08 50.18 19.34 45.43 
19. L.S.S. Chak Jhumra Local 19.29 46.54 19.36 54.98 
20. L.S.S. Sangla Hill 18.68 42.39 19.59 42.45 

Average: 19.01 46.37 19.43 47.62 
21. 4 F Jhang Local 18.22 48.02 20.12 50.43 
22. 4 F " 20.07 45.86 21.15 54.31 
23. 4 F Toba Tek Singh " 18.54 45.85 18.05 59.56 

Average: 18.94 46.24 19.77 54.76 

fuzzy varieties has varied from 47.62 to 54.84 per cent. These figures 

are about 40% lower than those reported by Olcott and Fontain 

(1942), who have shown that 75 to 80% of the total nitrogen is soluble. 

It appears that the seeds used during the present investigations were 

not of prime quality, because figures as high as 63% have been re¬ 

ported (Shaffi, 1952) in seeds rom the second pickings of L.S.S. variety. 

The percentages of protein in the cake (undecorticated), meal* and 

water soluble or 3% NaCl-soluble protein in the fat-free meal are given 

in Table 11. 

The percentage of protein in the cake of fuzzy varieties is slightly 

Cake and meal in these studies were obtained from the same lots of cottonseed given in Table I. 
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lower than those of L.S.S. and 4 F, which is probably due to greater 

fuzz on 43 F and 124F varieties. The total protein in fat-free meal has 

varied from 37.67 to 41.6%. It is interesting to note that the 3% 

NaCl-soluble protein in the cakes obtained from different factories 

varies considerably. In individual cases it has varied from 9.10 to 

10.90% in 4 F, 9.99 to 17.38% in 124 F, 9.67 to 15.33% in 43 F, and 

10.66 to 15.36% in L.S.S. On an average the water soluble protein has 

varied from 10.09 to 12.56%, which shows that processing conditions 

have affected the water-soluble protein of the cottonseed. The solu¬ 

bility of protein in 3 per cent NaCl-soluble on the average has varied 

from 40.29 to 43.75%. This clearly shows that cooking and processing 

conditions employed by the mill owners greatly affected the quality of 

cottonseed proteins. It is interesting to note that the figures of water- 

soluble and 3% NaCl-soluble nitrogenous compounds reported by 01- 

cott and Fontain (1942), Haddan (1950), and Altschul (1951) are 

comparatively lower than those obtained in our samples, which shows 

that the protein quality of cottonseed cake produced in the Punjab is 

better after processing than those of the U. S. A. cottonseed meals. It is 

possible that optimum conditions for getting the maximum oil are 

not attained by our mill operators and that is why there is low recovery 

of oil from our cottonseed. In order to get the maximum extraction of 

oil and to reduce gossypol-like materials, the processing conditions 

require standardization. 

Dechary (1949) has suggested that once the proper conditions for 

processing are defined and the methods of chemical analysis developed 

for production control, it will be possible for the cottonseed industry 

to produce a more uniform and far superior cottonseed cake. The ideal 

approach has been made in the gland fractionation process developed 

hj et al (1947), whereby meals produced have protein solubility 

in NaCl-soluble of about 80% and very low free gossypol-like sub¬ 

stances. The solvent extraction of cottonseed oil may also in the long 

run prove useful both for extraction of oil and high quality protein 

content in the meal. 

Under the existing conditions in this country it would be better for 

the cottonseed cake manufacturers to work in close cooperation with 

agricultural and industrial chemists for guidance in the standardiza¬ 

tion of the processing conditions for getting better quality of oil and 

cake for industrial and edible purposes. 

SUMMARY 

Solubility of nitrogenous compounds of different varieties of 

commercial cottonseed and cottonseed cake in water and 3% sodium 
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chloride solution as a measure of protein quality have been described. 

It has been shown that cooking and processing conditions in differ¬ 

ent factories vary considerably, with the result that cottonseed cake 

of varying composition and quality is produced. Need for uniform 

processing conditions has been stressed. 
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Science in Texas 

The Astronomical Society of the Southwest was formally organ¬ 

ized and held its first annual meeting at the A. & M. College of Texas 

in January. The meeting included representatives from New Mexico, 

Louisiana, and Texas, and 28 astronomers were present, including 

nine who represented the American Astronomical League, a national 

amateur organization. The officers for 1955-56 are: Chairman, Dr. 

J. H. Rush, Texas Technological College; Executive-Secretary, Dr. 

Frank N. Edmonds, Jr., The University of Texas. This new society 

will promote astronomical research and seek to improve the teaching 

of astronomy in the Southwest. 

★ ★ ★ 

The North Texas Biological Society met at Baylor University in 

Waco on April 2, with Dr. John J. Andujar presiding. Officers for 

1955-56 are: Dixie Young, Texas State College for Women, president; 

Lloyd Shinners, Southern Methodist University, vice president; and 

Weldon Brewster, Arlington State College, secretary-treasurer. Arling¬ 

ton State College was selected for the 1956 meeting. 

★ ★ ★ ★ 

A new book. The Oil Resources of Texas^ published by the Texas 

Petroleum Research Committee, will be of interest to many JOURNAL 

readers. It is a survey of both primary and secondary reserves of oil 

in Texas. A total of 130,309 oil wells in 4,396 separate reservoirs was 

studied. The authors are Dr. George H. Fancher (The University of 

Texas), Dr. Robert L. Whiting (A. & M. College of Texas), and Mr. 

James H. Cretsinger (consulting petroleum engineer of Houston). 

The book, which sells for $5, may be obtained from the Texas Petrol¬ 

eum Research Committee, Petroleum Engineering Building 201B, The 

University of Texas, Austin. 

According to this book, the primary reserves in Texas amount to 

15.7 billion barrels and the secondary reserves, 10.5 billion barrels. 

The huge reserve of secondary recovery oil is said to be about as large 

as the primary reserve of the entire United States only 25 years ago. 

★ ★ ★ ★ 

Dr. W. H. McCarley of Stephen F. Austin State College has received 

a grant of $6,600 from the Atomic Energy Commission for research on 

the effect of radiation on wild populations of Peromyscus (deer-mice). 

233 
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A significant step toward the improvement of science teaching in 

elementary and secondary schools will be taken in Texas next October 

6-8, when the Texas Work Conference on Science Teaching is held. 

This conference is being jointly sponsored by many educational or¬ 

ganizations, industrial interests, and colleges and universities in Texas. 

It will be held with the special assistance of the Oak Ridge Institute 

for Nuclear Studies and the Southwest Regional Section of the Na¬ 

tional Science Teachers Association. 

A planning session to shape up the Texas Work Conference on 

Science Teaching will be held at The University of Texas on April 30 

at 10 a.m. to 4 p.m. in the Architecture Ruilding, Room 105. The pur¬ 

pose of this planning session is to ensure the best ideas for organizing 

the October conference and for promoting attendance. 

The Texas Work Conference on Science Teaching will be conducted 

as an assembly for elementary and secondary school science teachers 

from all over Texas. It will focus generally on two main areas. The 

first is the task of organizing and conducting successful science fairs, 

one of the best means yet found to arouse student and public interest in 

science; the second is means for improving and expanding the teach¬ 

ing of science in the elementary and secondary curriculum. 

★ ★ ★ ★ 

Dr. L. D. Haskew, Vice President for Development Services, The 

University of Texas, makes the following statements in a recent issue 

of School Executive: 

“Two facts have particular importance for Texas high schools. One 

of these is that more high school students are going to have to receive 

excellent instruction in mathematics and science, in order to meet the 

demand for technical and professional education at the college level. 

Tremendous numbers of Texas high school youth are now seeking 

careers in engineering and in the sciences, and entirely too many of 

them are handicapped because they did not elect to take sufficient 

mathematics and science while in high school. The larger Texas high 

schools, for the most part, have excellent programs in mathematics and 

science but the student patronage of them has been low. 

“The second problem which faces us is that high schools which en¬ 

roll only 50 or 100 students, of which we have a tremendous number in 

Texas, find it almost impossible to give the quality and caliber of col¬ 

lege preparation that students need. It is going to be necessary to 

strengthen the programs in our smaller high schools considerably, 

or to work out arrangements so that existing very small schools can be 
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consolidated into larger high schools which can give their students the 

complete range of offerings which are needed.” 

★ ★ ★ ★ 

A three-months series of radio programs dealing with human rela¬ 

tions in industry, based on work by the Texas Engineering Extension 

Service, began in March on 19 Texas radio stations. The 15-minute 

weekly programs cover a wide field of management problems—em¬ 

ployee evaluation, discipline, training of workers, efficient executive 

practices, safety practices, and settlement of grievances. The shows 

were produced, dramatized, and recorded by the staff of Radio Station 

WTAW, College Station, on the campus of A. & M. College of Texas. 

★ ★ ★ ★ 

Dr. H. S. Vandiver, mathematician of The University of Texas, has 

received a grant of $10,600 from the National Science Foundation for 

new studies of Fermat’s Last Theorem. Two colleagues. Dr. C. A. 

Nicol and Mr. M. W. Weaver, will work on the project with Dr. 

Vandiver. Pierre de Fermat was an amateur mathematician in seven¬ 

teenth-century France. Studies of his last theorem have already led to 

fundamental advances in many areas of mathematics. If this last 

theorem can be proved or disproved, man may reach a new level of 

logic which may allow him to scan a wider scientific horizon. 

★ ★ ★ ★ 

Dr. Gordon K. Teal, Assistant Vice President, Texas Instruments, 

Inc., Dallas, has been appointed head of the Research Division of that 

corporation. Dr. Teal will have charge of all research, which involves 

work in many phases of electronics and geophysics. He replaces Mr. 

R. W. Olson, who in 1954 assumed the presidency of Houston Techni¬ 

cal Laboratories, a subsidiary of Texas Instruments, Inc. 

Dr. Teal, a native Texan, was born in Dallas and graduated from 

Raylor University in 1927. He obtained M.A. and Ph.D. degrees from 

Rrown University. For three years he was a research associate in Prof. 

Harold C. Urey’s laboratory at Columbia University. Before coming to 

Texas Instruments, Inc., Dr. Teal was associated with the Rell Tele¬ 

phone Laboratories for 22 years. He has done research in the fields of 

photoelectricity, secondary emission, photoconductance, electron mul¬ 

tipliers, silicon carbide varistors, heavy hydrogen, germanium and 

silicon rectifiers, microwave attenuators, borocarbon resistors, ger¬ 

manium and silicon single crystals, and transistors. Dr. Teal has some 

46 patents granted or applied for as a result of his research in these 

fields. 
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Two experimental jet engines have been donated to The University 

of Texas by the U. S. Navy and United Aircraft Corporation (Pratt 

and Whitney Division). Technically called aircraft gas turbines, these 

engines will be used for demonstrations in courses on internal combus¬ 

tion engines and heat dynamics and possibly for laboratory testing and 

analysis. 

A natural-gas engine, used for petroleum-field pumping, has also 

been donated to The University of Texas by the Lufkin Foundry and 

Machine Company. 

★ ★ ★ ★ 

The A. & M. College of Texas has announced that a total of $43,730 

has been received from various sources for research. The grants came 

from: American Chemical Paint Company for study of cotton defolia¬ 

tion methods and mesquite control at the Spur Substation; Ameri¬ 

can Cyanamid Company for research on poultry diseases; Devil’s 

River Soil Conservation District, Del Rio, for investigation of livestock 

nutrition; Forest Products Research for ecological studies; Gaines 

County Commissioners Court for cattle research; Hereford Vegetable 

Growers and Shippers Foundation for the study of cultural and man¬ 

agement practices of crops near Hereford, Texas; Hercules Powder 

Company for evaluation of the effects of dust and spray on boll weevils 

in the Lower Rio Grande Valley; General Foods Corporation for rice 

investigations; DeKalb Agricultural Association for study of breeding 

birds in cages; Merck and Company for research on the use of meal 

in livestock and poultry rations; Rio Grande-Pecos Soil Conservation 

District, Del Rio, for research on livestock diseases; Shell Chemical 

Corporation for study of insects that attack cotton; Research Corpora¬ 

tion of New York for investigation of the use of antibiotics on fowls; 

and National Cottonseed Products Association for sesame-breeding 

research. 
★ ★ ★ ★ 

In January the Human Relations Training Laboratory was set up 

through the joint efforts of four institutions—The University of Texas, 

Southern Methodist University, University of Colorado, and Kansas 

State College. This organization plans to promote better understand¬ 

ing of individuals, groups, and communities. In the summer of 1955 

its first session will be held for senior personnel in industry, medicine, 

religion, education, government, and military service. A maximum of 

70 persons, holding responsible positions in their respective fields, will 

be accepted for this first two-week laboratory period, scheduled tenta¬ 

tively for August 12-27. 



Affairs of the Texas Academy of Science 

The Texas Academy of Science will hold its 1955 meeting at Baylor 

University in Waco. Although the meeting will be held as usual in 

early December, the exact date has not yet been announced. 

★ ★ ★ ★ 

COL. M. L. CRIMMINS (1875-1955). Col. Martin Lalor Crim- 

mins, United States Army retired, died at San Antonio, Texas, from a 

heart attack, February 5, 1955, after a few days illness. Col. Crimmins 

was a highly respected member of The Texas Academy of Science. 

Born in New York, one of fourteen children of John Daniel and Lily 

Lalor Crimmins, he had not quite attained his eightieth year at the time 

of his death. Col. Crimmins’ grandfather immigrated from Ireland 

about the time Sam Houston was fighting the Battle of San Jacinto. He 

came with a patrimony which, judiciously used in acquiring land in 

the environs of Fifth Avenue, New York, resulted in Col. Crimmins’ 

father being rated high in New York financial circles. 

Martin Lalor Crimmins’ early education at Georgetown College and 

later at the University of Virginia qualified him for what were to be his 

hobbies in later years, the sciences. His career as a physician was in¬ 

terrupted, however, by a personal invitation from Colonel Theodore 

Roosevelt to join the Rough Riders. He accepted that invitation and 

finding adventure in the army so appealing he made the army a career, 

serving in the Philippines, in Alaska, and with Gen. John J. Pershing 

in the Mexican Punitive Expedition. 

After the First World War Col. Crimmins was retired for disability. 

Then he applied himself industriously to his avocations, gaining inter¬ 

national renown, as well as the Walter Reed Award for distinguished 

service to humanity, by causing rattlesnake poison to be injected into 

his body so as to make an anti-venom serum. He gave much of his later 

years to writing. More than two hundred articles, chiefly on scientific 

and historical subjects, appeared in widely spread journals throughout 

the United States and in England. 

Much of the last year of Col. Crimmins’ life was devoted to collab¬ 

orating with Chris Emmett in writing of his experiences, which had 

taken him into many of the countries of the world as a participant 

in history-making events. 

Col. Crimmins left surviving him his widow, Josephine Y. Crim- 

237 



238 THE TEXAS JOURNAL OF SCIENCE 

mins of San Antonio, Texas; two sons, Lalor Crimmins and Custis 

Crimmins, of San Francisco and New York respectively, as well as 

four sisters and one brother, all of New York.—Chris Emmett. 

★ ★ ★ ★ 

EDDIE HYDE, geologist and independent petroleum producer, died 

at his home in Fort Worth after a brief illness on February 24, 1955. 

Mr. Hyde was a fellow of The Texas Academy of Science and served 

on the Membership Committee for several years. He was also an active 

member of several professional societies, including the American 

Petroleum Institute and the American Association of Petroleum Geolo¬ 

gists. 
★ ★ ★ ★ 

At a recent meeting of the Executive Council of The Texas Academy 

of Science, Dr. Clark Hubbs was appointed Assistant Editor of THE 

TEXAS JOURNAL OF SCIENCE. Dr. Hubbs, whose primary interest 

is ichthyology, is Assistant Professor of Zoology at The University of 

Texas. 
'A' ★ ★ 

The Editors wish to announce that a new section is being started in 

the THE TEXAS JOURNAL OF SCIENCE. It will bear the heading, 

“Rrief Notes and Communications,” and will contain short papers, 

discussion of papers published in previous issues, and errata discovered 

in previously published papers. 

★ ★ ★ ★ 

The Editors of THE TEXAS JOURNAL OF SCIENCE again wish 

to urge that members of the Academy look through their personal 

libraries for extra copies of the JOURNAL, Vol. II, No. 3, September, 

1950. This issue is out of print and prevents the sale of complete sets to 

libraries. As the JOURNAL becomes better known, demands for com¬ 

plete sets of back issues increase. The last request brought in several 

copies, but more are needed. If you do not care to donate your copy of 

this issue to the Academy for sale, your name will be sent to a library 

desiring a complete set of the JOURNAL. 

★ ★ ★ ★ 

The preceding issue of THE TEXAS JOURNAL OF SCIENCE, 

Vol. VII, No. 1, March, 1955, was mailed from Austin, Texas, on 

March 30, 1955. 
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Geology, and the Paleontologic Method 

by WILLIAM J. MORRIS 

A, and M. College of Texas 

INTRODUCTION 

MORE and more papers are being published which emphasize the im¬ 

portance of paleontologic information in the establishment of biologic 

principles, yet few authors have sufficient grasp of the philosophy of 

paleontology to properly evaluate the evidence. The writer believes that 

a brief review of paleontologic methods will be of value in alleviating 

this situation. 

In the last one hundred and ninety years since the introduction of 

the Linnaean system of taxonomy, vast multitudes of fossils have been 

described by paleontologists, but only recently has fossil evidence been 

found to bear directly on fundamental theories of genetics and biology. 

In most cases studies involving the application of paleontologic data to 

evolutionary principles entails phylogenetic arrangement of paleon¬ 

tologic genera or species and from these broad phylogenies general¬ 

izations are often drawn. Genera and species as recognized in verte¬ 

brate paleontology seldom are the same as those of invertebrate pale¬ 

ontology and both, because of the limitation of evidence available from 

fossils, differ from neozoology in fundamental principles of taxonomy. 

Few workers, however, even among paleontologists, realize that great 

differences exist between the taxonomic principles of paleontology 

and neozoology, this being especially noticeable in the smaller cate¬ 

gories such as genera and species. 

Paleontology may be defined as the branch of geology or zoology 

contributing an understanding of past life and attempting, through the 

use of fossils, to decipher the developmental history of the world. This 

definition, although adhering to the constitution of paleontology, is 

naive as it fails to mention the divergence of concepts and motives that 

have evolved between different branches in the field. Not only is this 

difference apparent between vertebrate and invertebrate paleontology 

but invertebrate paleontology has also suffered a dichotomy reflecting 

differences between megapaleontologists and micropaleontologists. 

In order to evaluate these differences and their effect on neozoology it 

239 
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is necessary to examine the motivations and purposes embodied in the 

subfields of paleontology as each subfield has assumed a definite role 

in geology and taxonomic methods differ because of this. 

INVERTEBRATE PALEONTOLOGY 

Due to the stress of economic and stratigraphic applications of fos¬ 

sils few invertebrate paleontologists, while able to cope with geologic 

problems, are trained to understand the complexities of neozoology. 

Too few invertebrate paleontologists realize that their field is not the 

mere accumulation of multitudinous data, important or not, on mor¬ 

phological details and fossil names most of which must remain un¬ 

familiar. Many workers in the field of invertebrate paleontology, as 

well as many in related subjects, still persist in the belief that they are 

dealing with a subject wherein long lists are memorized in order to 

further the work of stratigraphic geologists and that any attempt to 

invade the domain of neozoology is not worthwhile. Indeed, some feel 

that since paleontology has proven evolution there is no further in¬ 

formation regarding this dynamic subject for which fossils can be 

used. 

Aside from the recent development and necessarily rare dating of 

geologic events by radiogenic methods geology must use, as a basis in 

building a stratigraphic column, the principle that the youngest rocks 

occur nearest the top of a given section; a rule first formally presented 

by Steno in 1600. It is this principle that has enabled geologists to es¬ 

tablish a system of provincial correlations through the use of only 

lithologic data. Ultimately, however, one of the major aims of geology 

is to synchronize geologic events in all parts of the world, which neces¬ 

sitates introduction of stratigraphic paleontology in order to correlate 

on a regional basis and from a geologist’s viewpoint, this is the most 

significant contribution of paleontology. In almost all cases of regional 

correlation radically different depositional environments were present 

during the same time in different parts of the world and because of 

this, attempts have been made with more or less success to divide 

local columns into a series of fossil zones named for a prominent fossil 

of the assemblage. The mapping of such a vertical narrow faunal zone 

presents a method of determining a homotaxial line, or geologic instant, 

in various, perhaps widely separated outcrops of rock. 

One of the most used zones in correlation of Late Cretaceous events 

along the Atlantic and Gulf Coastal Plain is the Exogyra cancellata 

zone, and although, due to environmental restrictions, Exogyra may 

not be present in a specific section the zone can still be placed correctly 
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through the use of associated fossils other than the oyster mentioned 

above. Molluscs are the most prominent group of marine organisms 

occurring among the associated forms found in this zone and such 

forms as Anomia argentaria^ A. tellinoides, Belemnitella americana, 

Cyprimeria depresses, Exogyra costata, Gryphaea mutabilis, Ostrea 

falcata, O. panda, Tunitella trilira, Veniella conradi and others serve to 

mark the zone even vvhere several of the species are absent. 

The easily recognized pelecypod £. cancellata, especially character¬ 

izes a faunal zone that extends from the Navesink Highlands of New 

Jersey to Cardenas in the state of San Louis Potosi, Mexico, a distance 

of 2500 miles. In New Jersey the zone is found in the Mount Laurel 

glauconitic sands, in North Carolina in the lower portion of the Peedee 

formation, a micaceous sand, in Alabama, in a sandy unit, the lower 

Ripley, as well as in the Dermopolis chalk and in Texas in the Ney- 

landville marl. The zone indicates that these formations of varying 

lithology were all deposited in essentially the same span of geologic 

time but without the principles of stratigraphic paleontology, cor¬ 

relations would be very difficult and arbitrary. 

A faunal zone, as briefly illustrated above, may be defined as any 

bed or closely associated group of beds deposited during the time of 

existence of a particular faunal assemblage, regardless of the physical 

characteristics of the unit. It is not, however, necessary that the verti¬ 

cal limits of such zones agree precisely with the known stratigraphic 

boundaries of the name-giving fossil. For example, no similar zone of 

equivalent age and containing Exogyra cancellata can be traced from 

the Coastal Plain areas into the Western Continental Interior. At 

present there is no physical connection between the Western Interior 

Cretaceous deposits of the Gulf Coastal Plain and the Western Interior 

regions as the intervening deposits generally are believed to have been 

eroded away. Faunal charts prepared by many authors show that al¬ 

though a vast number of macrofossils are restricted to either one region 

or the other, a large number of identical or ecologically analogous 

species are known to^ occur in both areas. A study of the ranges of 

these organisms shows that the marine fauna of the interior region 

is less like that of Gulf Region in the north and progressively more 

like it further southward (Stephenson and Reeside, 1938). 

Through such detailed studies and comparisons correlations are 

possible even in twO' areas where environments were so different as to 

preclude the possibility of complete similarity between faunal items. 

The examples given show how the concept of faunal zones can be 

very important in determination of stratigraphic relations and age of 
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sedimentary deposits. The more narrow vertically the zone, the farther 

it can be traced laterally, the more useful it is for regional correlation. 

Several types of vertical distribution are recognized. The Exogyra 

cancellata zone, for example, fulfills the requirements of a “biozone” 

as set forth by Moore (1948, pp. 312-313), and defined as, “ . . . . the 

stratigraphic span of the absolute lower and upper limits of some se¬ 

lected organis—plant or animal, genus or species—occurrence of 

whichwhich is presumed to be sufficiently abundant and widespread to 

have value as a chronolgic indicator.” 

Invertebrate paleontology has been criticized as a “descriptive sci¬ 

ence” dealing only with morphological taxonomy and perhaps in a 

sense this is true but because of the important use of fossils in geo¬ 

chronology as indicated in the cited example, there is some excuse for 

this. Few paleontologists are interested primarily in the problem of 

establishing biologic phylogenies as expressions of evolutionary de¬ 

velopment except in cases where this method may aid correlation. In 

the Gulf Region this is particularly true where problems of correlation 

are of economic importance and paleontology applied to stratigraphic 

issues assumes a more immediate and pressing problem than do the 

contributions that could be of aid to the geneticist and biologist. 

Many paleontologists are untrained in the concepts of applied syste- 

matics but continue to pursue stratigraphic studies pertinent to the 

establishment or subdivision of paleontologic zones. Since inherent in 

subdivision is the attempt to find differences, such unskilled workers 

continue to confuse and retard the establishment of natural phylog¬ 

enies by the introduction of a multiplicity of generic and specific 

names, many of them no more than form categories in the purest 

sense. It is true that the raw materials of phylogeny are description 

and establishment of lower taxonomic categories but too often generic 

and specific names are introduced without sufficient study of available 

material and without adequate comparison between the fossil in ques¬ 

tion and existing genera and species. Newell, (1954, p. 161) states that 

among the pelecypods, “. . . . more than 7,500 generic and subgeneric 

names have been proposed, some 2,000 to 3,000 of which may prove 

to be useful after the elimination of homonyms, synonyms and un¬ 

recognizable categories.” 

The elimination of workers untrained in systematics is impossible 

though a cure would be to place the naming of genera and species in 

the hands of a limited number of specialists who are in a position to 

synthesize where possible and also recognize the error of introducing 

taxonomic names without careful consideration. Schemes have been 
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proposed among invertebrate paleontologists that would allow the un¬ 

trained worker to continue using form categories while at the same 

time maintaining a neozoologic approach to systematics. Realizing 

that studies leading to the development of natural phylogenies are 

proper and very important in understanding the relationships of in¬ 

vertebrates both fossil and recent but also acknowledging that this 

need not be, and indeed is not, the supreme goal of paleontologic re¬ 

search, Weller (1949, Abstract), presents an alternative designed to 

satisfy paleozoologists as well as stratigraphic workers. “The intro¬ 

duction of an ever increasing number of new generic names renders 

paleontological nomenclature unstable and changing phylogenetic 

interpretations result in an unstable classification that becomes pro¬ 

gressively less practical. From the standpoint of paleontology as a 

whole, reasonable stability in nomenclature and reasonable practi¬ 

cality in classification are desirable. To achieve these ends, it is sug¬ 

gested that many current genera be reduced to subgeneric rank and 

that genera and families be accepted as more or less inclusive mor¬ 

phologic groups which need not conform perfectly with phylogeny. 

As subgenera, however, these groups would remain available to 

specialists for tracing possible phylogenetic patterns but they could 

be ignored by paleontologists who are not concerned with such 

details.” 

A division of taxonomy as proposed by Weller would be of value in 

that those using natural phylogenies but not engrossed in stratigraphic 

paleontology would be able to differentiate between form categories 

and phylogenetic categories. 

Errors in duplication and evaluation of new genera and species may 

result from causes other than attempts to set up arbitrary categories, 

and one that is extremely dangerous and misinformative is the de- 

termination of a species or genus from only a few morphological char¬ 

acteristics .... Beecher’s (1897) classification of the trilobites, de¬ 

pendent upon interpretation of cephalic sutures and Hyatt’s (1884) 

classification of ammonites on the basis of septal sutures illustrate 

this error. Specialists have found that both systems are untenable but 

it is only in the last few years that a classification of trilobites as 

taught in the classroom has deviated from Beecher’s original thesis 

and ammonites are still largely classified on the basis of septal sutures 

by a great number of stratigraphic paleontologists. 

Persons who persist in the adoption of a single morphological char¬ 

acteristic run the risk of portraying convergence and ecological adap¬ 

tation rather than phylogeny. Pelseneer’s (1889) classification of 
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pelecypods based upon the characteristics of the gill structure in¬ 

fluenced zoologic classification as well as paleontologic classification 

for many years, and genera and species of fossil as well as recent 

pelecypods were compared and arranged according to actual or sup¬ 

posed gill structures. For many years characteristics of the shell or 

skeleton were largely ignored in the higher taxonomic categories but 

when these structures were studied, they were recognized as being of 

prime importance. It was found that Pelseneer had placed very unlike 

shells in the same taxonomic pigeon-hole. It is now recognized that gill 

structures among pelecypods are adaptive features which appeared 

progressively in phylogenies of only distantly related groups. 

Phylogenetic relationships may also be confused with morphological 

convergence in paleontologic classifications in the somewhat persistent 

tendency of adopting zoologic classifications based upon soft, and 

therefore not readily preserved, characteristics. This was true in early 

pelecypod classifications and is still true to some extent in paleon¬ 

tologic classifications of the gastropods. The method involved here is 

the comparison of the recent and fossil forms. Those having similar 

hard parts are presumed, often on meager evidence, to have had the 

same “soft-part” characteristics. One of the major problems of paleon¬ 

tology and neozoology is the agreement of characters to be used in 

classification that are apparent in the fossil as w^ell as the living 

organism. Only through cooperation can the neozoologist safely trace 

the lineage of living organisms into the geologic past. Uniformity of 

classification is not only needed within the paleontologic field but is 

also needed between the biologists and paleontologists. 

Increased specialization among invertebrate paleontologists and the 

purely stratigraphic work of others has hindered the synthesis and 

recognition of phylogenies. These are contributing major factors but 

there also exists realization that only a small number of animals that 

lived in the past have been discovered as fossils. More and more is 

being learned as missing intervals of time, represented by uncon¬ 

formities in the rocks, are being filled in by faunas discovered in other 

regions. Progress is being made in many specializations toward re¬ 

duction of synonomy and elimination of useless categories. But, un¬ 

fortunately, until the existing errors are remedied care must be used 

in evaluating invertebrate paleontologic evidence from a neozoological 

viewpoint. 

VERTEBRATE PALEONTOLOGY 

Vertebrate paleontologists are more cognizant than invertebrate 

paleontologists of the importance of fossils in interpreting the time 
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factor in evolution. Indeed, the major aim and perhaps the only reason 

for the existence of vertebrate paleontology, aside from satisfying 

natural curiosity, is toward the development of a stable taxonomic 

system in which phylogenetic trends are apparent. The data of biology 

and genetics, of course, are important to problems of phylogeny but 

since more than seventy-five percent of the known genera of mammals 

are fossil forms with still more to be discovered the role of vertebrate 

paleontology is becoming increasingly important. While the neo¬ 

zoologist is becoming more and more concerned with a limited aspect 

of evolution, the vertebrate paleontologist has, of necessity, maintained 

a much broader viewpoint leading to theories regarding modes and 

paths of evolutionary development. Vertebrate paleontology is an 

academic science and because of this is largely composed of specialists 

who carefully treat data and evaluate items before assembling phy- 

logenies. Taxonomic “splitters” and “lumpers” still exist but these 

two philosophies have been carefully analyzed and their role in classi¬ 

fication understood and, while there are some lapses, the “species- 

hack” has largely disappeared. 

In attempting construction of a phylogeny on purely zoologic cri¬ 

teria hypotheses are formulated based upon living organisms and from 

this a hypothetical ancestral type is drawn, while vertebrate fossils 

provide a more accurate ancestral representative as actual, rather than 

hypothetical, forms are available. Without the aid of fossil evidence 

and purely on zoological data it would have been impossible to con¬ 

struct a phylogeny leading from Hyracotherium to Equus, however, 

though the use of palentological data despite the fact that only a few of 

the genera and species that have lived on earth are preserved, the 

phylogeny of the horse is well known. Realizing that the sampling can 

never be adequate, still this method does contribute immeasurably 

more than would be possible through the interpretation of genetic or 

comparative morphological data. 

Despite the importance of paleontology to an understanding and 

presentation of evolutionary data, it is but a contributing field to the 

study of this broad problem. Concepts of evolution cannot be formu¬ 

lated by strict adherence to one field as it involves data of vertebrate 

paleontology as well as concepts from genetics, neozoology and several 

other specialities. Synthesis of fields having common problems of a 

taxonomic nature is necessary before a full understanding of evo¬ 

lutionary problems is possible. Although paleontologists and biologists 

lack understanding for each other, attempts under the leadership of 

Julian Huxley (1940), G. G. Simpson (1944), Glenn L. Jepsen, Ernst 
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Mayr, et al. (1949), are being made to affect a synthesis of knowledge 

important to both fields in understanding common problems. 

The situation has improved greatly since Simpson (1944, p. XV) 

stated, “Not long ago paleontologists felt that a geneticist was a person 

who shut himself in a room, pulled down the shades, watched small 

flies disporting themselves in milk bottles, and thought that he was 

studying nature. A pursuit so removed from the realities of life, they 

said, had no significance for the true biologist. On the other hand, the 

geneticists said that paleontology had no further contributions to make 

to biology, that its only point had been the completed demonstration of 

the truth of evolution, and that it was a subject too purely descriptive 

to merit the name ‘science.’ The paleontologist, they believed, is like 

the man who undertakes to study the principles of the internal com¬ 

bustion engine by standing on a street corner and watching the motor 

cars whiz by.” 

In vertebrate paleontology there is a fresh interest not only in learn¬ 

ing the course of evolution but also the causes for it. However, it is 

true that paleontologic genera and species do differ from those of the 

neozoologists and geneticists, in particular, for fossil forms are morpho¬ 

logical types rather than genotypes. An important problem that must 

be solved, or compromised, is whether the phenotype can be used in 

place of the genotype in classification, and it is for this reason that 

paleontologic classification is based on not one but many character¬ 

istics as it is realized that total phenotypic characteristics must express 

genetic as well as acquired characteristics. The biologist may dislike 

this necessary compromise, but then the paleontologist too, has mis¬ 

givings, concerning some established biologic principles, for example, 

the purely horizontal classifications of some ornithologists that ignore 

consequences of time on evolving populations. 

Perhaps the greatest differences involved in neozoologic classifi¬ 

cation are between the geneticist and paleontologist. Realizing that a 

phylogeny based upon genetic continuity or discordance would be of 

utmost importance, few geneticists will agree to make a practical com¬ 

promise and they insist on a taxonomy wherein species are founded 

on gene differences alone. This is particularly true of the Drosophila 

species many of which were discovered only as a result of breeding 

behavior and would never have been recognized by the paleontologist 

or museum taxonomist (Muller, H. J., in Huxley, 1940). The palon- 

tologist’s viewpoint on this subject is ably expressed by Simpson, 

(1949, p. 5). “The most direct, but unfortunately not the most useful, 

approach to the phylogeny of recent animals is through their genetics. 
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The stream of heredity makes phylogeny; in a sense, it is phylogeny. 

Complete genetic analysis would provide the most priceless data for 

the mapping of this stream, although it would only exceptionally pro¬ 

vide unequivocal and conclusive criteria .... genotypic similarities 

and dissimilarities have to be interpreted phylogenetically in much 

the same way as phenotypic likenesses and differences and the ad¬ 

vantage of genetics lies rather in the fact that the genes (and some other 

genetic factors) are the immediate physical continuants of phylogeny, 

while morphology is less direct, a result of these hereditary factors as 

modified by other influences.” 

Vertebrate paleontology, like related fields in biology, has rapidly 

passed through the stage of Lamarkism as adopted by the early 

workers. Cope’s theories of various postulated forces that he endowed 

with names such as “bathmogenesis,” “ergogenesis,” “emphygenesis,” 

and “statogenesis” are examples of such early thinking. The doctrines 

of orthogenesis as postulated in its purest form by Lull and others have 

been modified as more and more fossil materials have been found. No 

longer do vertebrate paleontologists see such long time trends sup¬ 

ported by paleontologic evidence. Early orthogenetic phylogenies like 

those expressed by Osborn (1942) for the probocidians are no longer 

tenable in the light of recent data showing decided branching in the 

past history of this group. The concept of too numerous land bridges, 

once so popular, has been found to have very shaky foundations, and 

there are but few occurrences which cannot be explained on the con¬ 

servative basis of modem zoogeography. 

Today, the vertebrate peleontologist thinks in terms of populations, 

genetics, and adaptive radiation and it is these subjects which link 

biology and vertebrate paleontology together. This is the common 

ground between gradational fields and it is here that compromise and 

insight are needed before taxonomic categories will have the same 

value to workers in different fields who deal with the same problems. 
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Industry and the Conservation 

of Natural Resources" 

by GEORGE K. RE!D, JR. 

Agricultural and Mechanical College of Texas 

SINCE the turn of our present century which ushered in new and pro¬ 

ductive concepts of conservation as well as adolescent-like growth of 

our machine age, we have heard much lamenting over the deleterious 

effects of certain aspects of our economy on natural resources. Our 

textbooks in ecology, conservation, and general biology describe at 

length the disastrous consequences of industry, agriculture, and 

human population on wildlife, forests, and water. Only rarely are in¬ 

dustry’s and agriculture’s concern for, and contributions to, conserva¬ 

tion pointed out. 

Now it should not be implied for a single moment that certain of 

these economic orders have not contributed to the present sad plight 

of our nation’s resources. Nor should we contend that these orders are 

not now harmfully polluting streams, destroying wildlife and forests, 

and making poor use of water. The point is, that we are not justified 

in total condemnation of industry or agriculture, and that the debt 

that we owe for our present resources is not entirely due to conserva¬ 

tion by State and Federal agencies, as a few illustrations will sub¬ 

stantiate. 

In the field of wildlife conservation, our attention is repeatedly 

focused on organizations such as the Wildlife Management Institute, 

Sport Fishing Institute, and the North American Wildlife Founda¬ 

tion, which are supported by industries and individuals. These organi¬ 

zations actively maintain and grant scholarships for researches and 

study in universities and colleges in several fields of wildlife con¬ 

servation, Thus, these groups are furthering the cause of conservation, 

per se^ and conservation education through direct financial assistance 

to students in our educational institutions. In addition to the direct 

aid to conservation study, these and other societies engage in the dis¬ 

semination of research findings through publications, stimulate pub- 

^ Based on a paper read before the Conservation Section, Texas Academy of 

Science, 1954 Annual Meeting, San Antonio. 
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lie education, and further the causes of conservation through careful 

study of pending Federal legislative activities. 

“But,” you will say, “these organizations supported by sporting 

goods companies are simply aiming to increase the sale of fishing and 

hunting equipment.” Granted that they are, and that the financial 

support is designed primarily for game biologists; these biologists 

through their wildlife investigations are contributing knowledge to 

the pure science of dynamic ecology. Thus, both immediate applied 

science and long range fundamental science are benefitted. 

Ranchers and agriculturists have been accused of exploiting game 

and game habitats, and doubtless many are. But some are contri¬ 

buting to the cause of conservation through individual intelligent 

land use practices and, even further, through the employment of 

wildlife biologists. Several of the large ranches of this state employ 

full-time game biologists. 

Again you say, “Yes, but the biologist is engaged in simply man¬ 

aging and increasing game abundance for the recreation of the 

owners.” This is, in large part, true, but more often than not the 

biologist must learn something of the game before he can accomplish 

those in the best position to actually practice conservation of natural 

methodology of conservation. 

The Rob and Bessie Wildlife Foundation in Texas exemplifies the 

genuine foresight and generous consideration shown by some 

ranchers. The foundation was formed in 1954, by the will of the late 

Rob Welder of Sinton, Texas. The stipulations provide for approxi¬ 

mately eight thousand acres of land, including some on the San An¬ 

tonio River, to be used for conservation study. Royalty income from 

producing oil wells is to be invested as a permanent endowment for 

the furtherance of conservation work in range and wildlife. It is 

interesting to speculate as to the status of our knowledge of wildlife 

conservation techniques a few years hence, if each state had an op¬ 

portunity such as this, or where we would be today if we could have 

had such an arrangement over the past fifteen years. 

Several large companies throughout the country actively support, 

through financial assistance, various 4-H Club programs. The 4-H 

programs are concerned with conservation of wildlife, soils, forests, 

etc. Through this sort of contribution by industry, conservation ideals 

and concepts are getting to the youth at an opportune time and to 

those in the best position to actually practice conservation of natural 

resources. 

Although entirely too late and in completely insufficient numbers. 
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industries today are awakening to their role in preventing stream pol¬ 

lution. In some areas it is doubtful if streams could ever regain their 

original productivity and recreational values. It might be interjected 

here that, to a great extent, the local community rather than industry 

is more responsible for ruined streams; at any rate, some industries 

are attempting to clean up their mess, which is more than many 

municipalities are doing. Although the pressure of public opinion and 

the threat of legal action have stimulated many industrial plants to 

seek the services of biologists and chemists, other industries have 

shown foresight and sincere consideration for conservation of aquatic 

resources. 

The use of our streams for the removal of non-toxic wastes is not 

to be condemned. If we accept Theodore Roosevelt’s definition of 

conservation as “wise use of natural resources” and treat our streams 

as natural resources, then dumping of wastes would be entirely in 

order. Indeed, some wastes could be beneficial in increasing produc¬ 

tivity. Obviously, the use of streams to remove poisonous effluents is 

not “wise use.” The studies, supported by industries, by Dr. Ruth 

Patrick and her group of specialists from the Academy of Natural 

Sciences of Philadelphia, are revealing much new and enlightening 

data on pollution problems. 

Research foundations have experienced considerable growth in 

recent years. Although much of the work carried on under industrial 

contracts is developmental or applied research relating to the ad¬ 

vancement of the products of the particular industry, a significant 

amount of research is concerned either directly or indirectly with 

conservation of natural resources. The Texas A. and M. Research 

Foundation has conducted researches on oyster mortality and stream 

pollution under contracts from various industries. The costs of such 

studies amount to approximately $70,000 per year. 

Forest conservation has received considerable, although inadequate, 

attention of late. Selective cutting and reforestation are practiced by 

some of the larger lumber and paper interests. Indeed, some of the 

large pulpwood companies of the Southeast employ regional foresters 

who attempt to educate and aid the landowner in the production and 

conservation of trees. Similar practices are followed in the Northwest. 

The “Tree Farms” movement had its inception in a reforestation 

project of the Weyerhauser Timber Company seeking to grow a crop 

of trees in a 100,000 acre logged-over area in Washington. In 1943, 

the National Lumber Manufacturers Association initiated and fos¬ 

tered the movement on a nationwide scale. In ten years the number 
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of tree farms in the United States has reached 4,225 and involves 

nearly 30,000,000 acres. It would seem that we are considerably 

richer in potential forests than we might have been had this move¬ 

ment not been born and nourished by industry. However, the num¬ 

bers of such companies are deplorably small. The small-time operator 

cutting bought timber continues to ravage the land through indis¬ 

criminate timbering. In some areas where small lumbermen are cut¬ 

ting their own land, or cutting under cooperative arrangements, 

sound and considerate conservation measures are frequently followed. 

When we consider the extent to which we come in contact with 

our natural resources, one stands alone. We refer to water. This re¬ 

source is doubtless the most widely distributed and greatly utilized 

of all our natural endowments; it is also probably the most despoiled 

and least considered from the standpoint of conservation. And if any 

of our natural resources are of direct concern to industry and agricul¬ 

ture, water is such a resource. Practically every type of industrial 

process and the bulk of farming depend upon water in some quantity 

and for one purpose or another. Industry and agriculture do not 

flourish in areas of sparse water and, similarly, they die or move 

when existing water supplies dwindle. 

Many industries are using surface and subsurface water and then 

sending it on its way (frequently polluted) without serious regard 

for the fact that the supply is not inexhaustible. Numerous munici¬ 

palities are also guilty of this practice. Some cities and industries are 

actively conserving water through various means, one of which con¬ 

sists of purifying the water and returning it to the ground. 

A vivid example of what can happen in coastal areas when water 

is abused is cited by Carhart (1951). This author points out the case 

of Texas City, Texas, where a good water supply was to be obtained 

from wells from 549 to 1,100 feet deep. Increased industrial activity 

and the impetus of World War II increased the daily consumption 

from 4,500,000 gallons in 1934 to 22,500,000 gallons in 1945. More 

water was being taken out than was being stored. The water level in 

one 1,000 foot well dropped 102 feet below sea level; other wells | 

indicated similar drops. The net result was the invasion of the fresh¬ 

water strata by salt water. Not only did the water become distasteful, 

but the withdrawal also caused an average lowering of the land sur¬ 

face of 2.4 inches per year. Several industries near that city have had 

to reach into the Brazos and the Nueces Rivers for sufficient water. 

Proper conservation measures of ground waters in the watersheds of 
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these rivers will have to be practiced if the downstream supply is to 

remain adequate. 

That conservation is not wholly a function left to tax-supported 

state and federal agencies is shown by a number of societies, insti¬ 

tutes, or other organizations concerned with various natural re¬ 

sources. The Conservation Yearbook for 1953 lists fifty-three national 

groups organized in the interest of conserving one or another of our 

natural resources. Many of these are supported by individuals and 

memberships rather than by organized industry, but nevertheless a 

large number of the hundreds of thousands of the members pay their 

dues or make contributions with money received from industrial 

sources. 

An example of one type of program initiated by one of the national 

societies is the recently released “Walton Soil Plan” proposed by the 

Izaac Walton League of America. The primary aim of the plan is the 

restoration of fertility and moisture to soils on approximately 

70,000,000 acres of marginal croplands. As reported, the plan calls 

for the removal, by the Department of Agriculture, of certain 

acreages from agricultural production in order to more evenly bal¬ 

ance production and demand. It would seem that here is a workable 

plan whereby the price supports program could be replaced by a 

measure in which both farm income and conservation are favored. 

With the number of national conservation organizations being 

what it is, some, overlapping of interests, duplication of effort, and 

perhaps friction possibly exists. Nevertheless, when important issues 

relative to conservation are brought to light, these groups are quick 

to band together and present a unified front. 

The present effort on the part of conservationists to preserve Dino¬ 

saur National Monument represents a great and worthwhile coopera¬ 

tive operation. The fact that the building of Echo Park dam would 

result in the inundation of a large portion of Dinosaur National 

Monument is, in itself, deplorable. But what is more disturbing is 

that the project is a precedent-setting assault on a national park. 

Conservationists are aware of the fact that if this project succeeds, 

other parks and monuments are just as apt to be lost to the millions 

of citizens who annually find recreation and enjoyment in the parks. 

What is reputed to be the first official lobby for conservation has been 

organized by conservation agencies and conservation-minded people 

and is operating in Washington, in the interest of preserving our 

parks. 

At certain times during our economic growth we have had to dilute 
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our strong feelings for conservation. During war years, various re¬ 

sources were exploited far beyond their natural ability to recover. In 

many cases this unwise use is justified on the basis of the emergency 

need and to meet the requirements of wartime industries. But we 

must be alert to see to it that the inroads made in excessive and 

sometimes wasteful uses of our resources are not maintained during 

normal times. Public feeling frequently lags behind the efforts of 

enterprises which exploit natural resources, and the cry for reform 

often is raised only too late. For example, during World War II we 

lost ground in the fight for intensive cooperative consideration for all 

natural resources involved in river-valley programs; consequently 

various poorly coordinated projects are underway at present. 

It is frequently said that conservation has become too complicated, 

and that often the conservationists themselves confuse and cloud 

issues thereby inhibiting whatever constructive action industry and 

agriculture might undertake. Such should not be the case. The basic 

tenets of conservation were expressed simply by Theodore Roosevelt 

and these doctrines are as applicable today as they were when pro¬ 

pounded nearly fifty years ago. Roosevelt recognized three funda¬ 

mentals in the conservation of natural resources: (1) All “outdoor” 

resources are interrelated and should be considered as a whole. (2) 

“Conservation through wise use” is a public responsibility, and 

private ownership of natural resources is a public trust. (3) Science 

is a tool which can be used in discharging our responsibility. Al¬ 

though certain definitions and details of methodology were not clari¬ 

fied, the Rooseveltian doctrine clearly states the case of conservation. 

Only a few instances and examples of industry’s or agriculture’s 

role in conserving natural resources have been cited. There are 

others. But sadly, there are not nearly the numbers that there should 

be. The plight of waterfowl faced with dwindling marsh areas, fishes 

being forced out of streams as a result of industrial pollution and 

unsound agricultural practices, the denudation of timberlands through 

unsound harvesting, and the ravaging of other resources need to be 

brought to the attention of those persons who are in the best positions 

to actively practice conservation. Beyond this, conservation, not as 

just an ideal, but also as a workable part of our everyday life should 

be stressed. 

Emphasis should be placed on the widespread need among all 

forms of human endeavor for what Aldo Leopold (1949) has called 

“land ethic.” The private citizen, the landowner, the stockman, the 

lumberman, large and small, should be cognizant of something more 
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than conservation based on economic self-interest alone. To borrow 

another idea from Leopold, an ethical obligation on the part of all is 

the only visible remedy to the complex situations of conservation. 
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Significant Factors in the Comparison of 

Explicitly Heterogeneous Cultures 

by CHARLES H. LANGE^ and WILFRID C. BAILEY2 

The University of Texas 

INTRODUCTION 

FOR MANY years, it has been generally recognized that one of anthro¬ 

pology’s great contributions has been the concept of culture. The 

strength of this concept has rested firmly upon a base of comparative 

studies of diverse cultures. Earlier anthropologists tended to concen¬ 

trate upon the so-called primitive cultures since previously established 

disciplines were already studying our own. More recently, there has 

been an inclination to include our own culture as a proper component 

of anthropological research. This has resulted from a logical expansion 

of a common definition of anthropology—the study of man and his 

works—to include ourselves and our behavior. It has also come as a 

reaction to a question often directed at anthropologists, “What is the 

value of all these data, aside from a satisfaction of intellectual curi¬ 

osity?” The reply is well known: by a knowledge of man and human 

behavior throughout time and space we gain a better understanding 

and appreciation of other human groups and at the same time we 

acquire a more valid perspective with which to view ourselves, our 

activities, and our value systems. 

In the respective field investigations of the two authors, these views 

have served as basic premises. Subsequent comparisons of data from 

these communities have repeatedly demonstrated that the research in 

these two cultures well illustrates what anthropology, as a whole, is 

attempting to do in countless other instances and often on a far greater 

scale. 

Despite basic differences—the one culture, Cochiti, being repre¬ 

sentative of the Rio Grande Pueblo Indian tribes of New Mexico and 

^ Field work at'Cochiti has been carried on intermittently since 1946. That of 

1951 and 1952 was possible through Grants-in-aid from the Institute of Latin 

American Studies, The University of Texas. 

2 Field work at Pomerene was conducted at various intervals since 1946. That of 

1946 and 1947 was possible through a Grant-in-aid from the Department of Anthro¬ 

pology, The University of Chicago. 
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the other, Pomerene, being a small Anglo-American community in 

Arizona—the two cultures show a remarkable series of parallel fea¬ 

tures (Figure 1). The purpose of this paper is to indicate these simi¬ 

larities, to note certain distinguishing aspects, and to analyze the 

overall significance of these findings from the viewpoint of cultural 

comparisons. 

Fig. L Single Family Dwellings. Top: At Cochiti, flat-roofed, adobe houses continue to 

be typical. Bottom: At Pomerene, houses with adobe, frame, or cement block walls and 

galvanized iron, gabled roofs are typical. (Note the characteristic bee-hive ovens in the 

Cochiti scene in contrast to the butane tank at Pomerene.) 
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COMPARATIVE DATA 

Cochiti Pueblo is a portion of general Puebloan culture which dates 

back over a thousand years to the antecedent Basketmaker culture of 

the American Southwest. 

Pomerene is a portion of Mormon culture which had its origins in 

a matrix of Anglo-American culture one hundred and thirty years 

ago. 
★ ★ ★ ★ 

The Cochiti have occupied their present village site and area at least 

700 years, thereby antedating the arrival of the Spaniards, the first 

Europeans, in 1540. 

The settlement of Pomerene occurred in 1910 although Mormon 

settlements were in the San Pedro Valley as early as 1877 and ex¬ 

plorations were made in the valley as early as 1846. 

★ ★ ★ ★ 

At present, the Cochiti are a part of southwestern Pueblo culture 

which extends from the Rio Grande in the east to the Hopi Mesas in 

the west. 

Pomerene is a component of Mormon culture which extends in a 

belt through the intermountain zone from Mexico to Canada. 

★ ★ ★ ★ 

As of 1952, the population of Cochiti was 300 with about 150 ad¬ 

ditional tribesmen in absentia (Figure 2, Top). Resident non-Cochiti 

numbered about twenty-five, some of whom had married Cochiti 

Indians. 

Pomerene, as of 1947, included 301 Mormons and 47 non-Mormons, 

some of whom had married local Mormons (Figure 3, Bottom). 

★ ★ ★ ★ 

The traditional Cochiti economy has been based upon irrigated 

agriculture. 

Traditionally, the Pomerene economy has been based on irrigated 

agriculture. 
★ ★ ★ ★ 

Cochiti lands are communally owned although individually as¬ 

signed on the .principle of usufrucht. House lots in the village are 

owned in the same manner. Under current Indian Service policy, 

guaranteeing the principle of unalienable tribal land, the traditional 

system of communal ownership has been perpetuated. 

The original Mormon ownership pattern was to develop land co¬ 

operatively with each family given title to a village lot and agricultural 
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land. Because of the Homestead laws, Pomerene was settled ex¬ 

clusively by individual owners, but nearby St. David was originally 

occupied under the old pattern. 

★ ★ ★ ★ 

The pattern of Cochiti land use shows a concentrated village close 

to the irrigated fields along the Rio Grande; communal grazing land 

surrounds this nucleus. 

Fig. 2. The People. Top: A Cochifi double wedding party, December, 1947. (Note the 

traditional garb of the women in contrast to the acculturated form of clothing worn by 

the men.) Bottom: A Pomerene family group, July, 1950. 
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The pattern of a concentrated village close to irrigated fields along 

a river and communal grazing land surrounding this nucleus was 

followed in the original settlement of the San Pedro Valley and is 

present at Pomerene in modified form. 

★ ★ ★ ★ 

Inheritance of Cochiti land passes to all children with resulting 

fragmentation of tracts into virtually unworkable sizes. In practice, 

this has been remedied by those heirs most interested in farming 

offering compensation to the others for their shares. A few farmers 

have as much as 30 acres; the great majority have about half this 

amount, usually in several distinct tracts. 

Numerous Pomerene tracts have been “atomized” by division 

among heirs and by assignment prior to death. This has been remedied, 

in some cases, by the owner shifting to part-time employment outside 

of the community; 55% of the farms now have less than 25 acres, in 

numerous instances divided into several tracts. 

★ ★ ★ ★ 

Primary Cochiti crops have been maize, beans, and pumpkins from 

aboriginal times on; in post-European times, wheat and alfalfa have 

been important both in acreage and in yield although maize remains 

the leading crop. 

Pomerene agriculture has been based on a pattern of mixed crops; 

since 1950, there has been a trend toward specialization in cotton. 

★ ★ ★ ★ 

Since the early 1930’s, there has been increased interest at Cochiti 

in both wheat and alfalfa as cash crops, a departure from the tra¬ 

ditional subsistence and barter economy. 

In recent decades, there has been an increasing shift from the Mor¬ 

mon ideal of a subsistence economy to one of cash crops. 

★ ★ ★ ★ 

With the trend at Cochiti toward cash crops, associated appreciation 

of advantages of mechanization has resulted in land trades and other 

transfers whereby tracts are larger and more regular in shape so that 

the maximum benefits can be derived from use of machinery (Figure 

3, Top). 

With increased mechanization and the specialization in cotton and 

the trend away from mixed crops, there has been a tendency at Pome¬ 

rene toward consolidation of land into larger units through purchase 

and lease. 
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Recognition of the advantages of mechanization and the improved 

income from servicemen’s pay and family allotments have caused 

some individuals to purchase farm machinery privately rather than 

depend upon the communally owned equipment. 

Traditionally, the people have done their farming with privately 

owned equipment although this is frequently shared in arrangements 

of reciprocal assistance. 

Fig. 3. Cooperative Agriculture. Top: Cochiti community-owned combine harvester and 

tractor at work in a privately owned field. Bottom: Cooperative labor building a new head- 

gate in community-owned irrigation system at Pomerene. 
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Traditionally, Cochiti has been an economically self-sufficient com¬ 

munity although engaging in limited trade with neighboring com¬ 

munities. With movement away from subsistence and barter, there has 

been much greater dependence upon the outside world. 

Originally, Pomerene was an essentially self-sufficient community, 

in conformance with Mormon economic policy. 

★ ★ ★ ★ 

The basic Cochiti pattern of irrigated agriculture requires com¬ 

munal cooperation in construction, maintenance, and use of the 

system. 

The Pomerene economy was originally based upon a diversion dam 

irrigation system built and maintained by cooperative labor (Figure 

3, Bottom). 
★ ★ ★ ★ 

At Cochiti, developments of cash crop farming, increased sales of 

curios, and more wage work have brought about greater contact with 

and dependence upon the outside world. The abandonment of isolation 

has been correlated with increasing acculturation. 

Changes in the standard of living, shift to a market economy, and 

wage work, etc. have brought on intensified contacts between Pome¬ 

rene and the outside world. These changes have been accompanied by 

loss of isolation and increased acculturation. 

★ ★ ★ ★ 

As individuals at Cochiti obtain gainful employment away from 

agriculture in the home community, the burden of ditch work has 

fallen on a decreasing portion of the men. Although population in¬ 

crease makes the present strength of the work force as great as for¬ 

merly, the existence of non-participants creates ill-feeling among the 

remaining farmers. Not only are the non-participating ones deviating 

from traditional patterns of cooperation but they are simultaneously 

improving their economic standing, frequently with increased cash 

income. 

As a result of inroads created by greater interest in non-agricultural 

employment, it became increasingly difficult at Pomerene to maintain 

the ditch system adequately by cooperative labor. In 1947, this dif¬ 

ficulty forced a change to a new policy of cash assessment rather than 

cooperative labor. However, a chance was still given any man to work 

out his obligation. 
★ ★ ★ ★ 

Instead of working on the Cochiti ditch, a man can pay $1.00 per 

day to the community or he can furnish a substitute. As wages have 
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risen, few substitutes are interested. The system has become virtually 

non-functional. 

In lieu of ditch service, a man could fulfill his obligation by paying 

$1.00 per day to the Pomerene community or by supplying a substi¬ 

tute. With rising wages, no substitutes were interested in such 

employment, and the system proved unsatisfactory. 

★ ★ ★ ★ 

The Cochiti water boss, or ditch boss, is the governor who is ap¬ 

pointed each year by one of the medicine societies, a manifestation 

of the economy and political organization being controlled by the 

religious hierarchy. 

The basic agricultural economy at Pomerene is theoretically sep¬ 

arate at the present time from the religious hierarchy. However, the 

system is supported by Church tradition, doctrine, and, in emergencies, 

finances. Formerly, the Bishop served as ditch boss. 

★ ★ ★ ★ 

The pressure of economic change, involving a shift toward cash 

about 1930, has increased non-agricultural activities at Cochiti. 

About 1930, the people of Pomerene began to display greater 

interest in monetary income, many leaving agricultural work. 

★ ★ ★ ★ 

The above trend at Cochiti resulted in an emphasis upon individual¬ 

istic economics as contrasted with the traditional communally prac¬ 

ticed agriculture and the intimately associated ceremonialism. 

At Pomerene, the withdrawal of individuals from traditional co¬ 

operative activities associated with community irrigated agriculture 

has frequently interfered with the fulfillment of Church offices. 

★ ★ ★ ★ 

Increasing contacts by Cochiti with the outside have resulted in 

intermarriage with individuals who have no kinship standing in the 

pueblo. This has led to a decline in importance of clans and other social 

institutions as new values and standards are introduced. 

Increasing contacts with the outside have resulted in intermarriage 

with individuals having no prior connections in the community of 

Pomerene. This has weakened the traditional integration of the kin¬ 

ship structure. 
★ ★ ★ ★ 

Intermarriage with outsiders has contributed to other developments 

at Cochiti; many might be included under the heading often given to 

these deviants—“Progressives.” 
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Intermarriage with outsiders has contributed to an increasing per¬ 

centage of deviant individuals, normally referred to as “Jack Mor¬ 

mons.” 
★ ★ ★ ★ 

While the “Progressives” have increased numerically, it is this 

faction which includes most of the non-resident Cochiti. At home, 

though their overall control is weakening, the “Conservatives” 

dominate. 

While “Jack Mormons” have increased numerically at Pomerene, 

most of the emigrants have come from this faction. Thus, although 

their control has declined, the “Saints” have retained most of the 

power. 
★ ★ ★ ★ 

In August, 1951, 35% of the total Cochiti tribe (438) resided away. 

Despite an actual increase in the tribal roll, the number of pueblo 

residents has declined in recent years. Absentees include a consider¬ 

able portion of the young adults who formerly were important par¬ 

ticipants in tribal culture. Now the pueblo residents include an overly 

high proportion of aged and infirm who are handicapped in full cul¬ 

tural participation, children of absentees, and “Progressives.” The 

“Conservative” cultural core is actually shrinking. 

Large numbers of Pomerene residents have moved away. However, 

the village population has had a slight increase due to the arrival of 

several families of “outsiders” and “Jack Mormons.” In effect, the 

numerical strength of the core of “Saints” has declined. The emigra¬ 

tion has been primarily of young adults looking for employment (84, 

or 59.1% of children over 20 years old and belonging to families still 

residing in Pomerene as of 1946 had left the community). 

lA- ★ ★ ★ 

At Cochiti, the traditionally influential medicine societies and other 

components of the religious hierarchy have been seriously impaired 

by the steady loss of membership without compensating replacements. 

As the numbers of the “Saints” decline, actually and proportion¬ 

ately, the formal structure of the community has suffered. During one 

period of the 1930’s, certain Church services and functions were 

actually suspended. 

• ★ ★ ★ ★ 

Traditionally social control at Cochiti has rested in a theocratic 

form of society; controlling personnel includes the memberships of 

the several medicine societies, headed by the cacique, the head of the 

Flint Medicine Society (Figure 4, Top). 
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The Pomerene community is dominated by doctrines and leaders 

of the Mormon Church, of which the Bishop is the local leader (Figure 

4, Bottom). 
★ ★ ★ ★ 

Alien agencies at Cochiti include the Middle Rio Grande Conser¬ 

vancy District and various services largely sponsored by the Indian 

Service. A mission of the Roman Catholic Church has been in the 

pueblo for several centuries (Figure 4, Middle). 

A few non-religiously oriented organizations (f.^., non-Mormon) 

have been forced upon the community by alien political power; these 

include school board, Soil Conservation District, and federal, state, 

and county agencies of law enforcement. 

★ ★ ★ ★ 

Most formal organizations and the clans in many respects are in¬ 

tegral parts of the native ceremonial structure at Cochiti. 

Most of the formal organizations and activities of the people of 

Pomerene are connected with the Mormon Church. 

■jAr ★ ★ ★ 

At Cochiti, ridicule, gossip, and similar social controls continue to 

be effective, as is true of most “face-to-face” cultures. 

Ridicule, gossip, and similar forms of social control continue to be 

effective at Pomerene. 

★ ★ ★ ★ 

Formal political structure was imposed upon Cochiti by the Span¬ 

iards; however, these officials are chosen because of their sympathy 

with the values held by the controlling theocracy. In many instances, 

these officials serve merely as a front for the medicine men. 

Formal political structure is lacking due to the theocratic nature of 

the Mormon Church. The Bishop is the highest ceremonial officer and 

politically is the unofficial head of the community. 

★ ★ ★ ★ 

In many respects, those Cochiti classified as “Progressives” have 

ceased being considered as Cochiti although they remain upon the 

tribal roll. They are barred from Katsina and other esoteric rites al¬ 

though they may dance in the more recreational ceremonies of the 

Christmas season. They are not interested in membership in the vari¬ 

ous societies, and they are not appointed by the medicine men to any 

of the more important secular offices. 

The deviant Mormons, the so-called “Jack Mormons,” do not parti¬ 

cipate in Church rituals and do not observe Church behavioral tabus. 

They are barred from witnessing or participating in the more im- 



Fig. 4. Religious Centers. Top: One of the two Cochiti kivas which remain actually as 

well as symbolically important focal points of the native religion. Middle: The Roman 

Catholic Mission of San Buenaventura de Cochiti, The kivas and the mission church are 

used alternately and concurrently by the Cochiti in a blend of native theology and intro¬ 

duced Christianity. Bottom: The Mormon Church House, the center of religious and social 

activity in Pomerene. 
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portant ceremonies of the Church, rites conducted in the Temples. 

They cannot hold ceremonial offices. 

★ ★ ★ ★ 

The Cochiti Day School takes pupils through the sixth grade; it is 

followed by boarding school which extends through the 12th grade. 

The government schools are administered and taught by non-Cochiti 

and, for the most part, by non-Indians. 

The Pomerene school system, extending through the 12th grade, is 

dominated by Mormon administrators and teachers. 

★ ★ ★ ★ 

Despite the fact that older Cochiti, in a great majority of cases, failed 

to complete more than the elementary grades, if that much, there is 

general and sincere interest in having children today finish at least 

high school. 

Mormon doctrine has placed a high premium on education. At 

Pomerene, children are expected to finish high school, and many 

parents hope that their children will continue their education still 

further. 
★ ★ ★ ★ 

Those Cochiti who have pursued their education beyond the high 

school level have failed to return to their home community. 

The Mormons who have continued their education beyond the high 

school years have failed to return to Pomerene in most cases. 

★ ★ ★ ★ 

Crises of the life cycle are slowly passing from control of the Cochiti 

medicine men to the Catholic Church. For example, all births are 

baptised by the Church, all but one marriage has been celebrated by 

the Church, but in death, the medicine men have continued to officiate 

in a high percentage of the burials, to the exclusion of the priest in 

numerous cases. 

The life cycle is dominated by the Mormon Church through a series 

of training programs. All births are Blessed by the Church; most are 

baptised at the age of eight; all are buried from the Church; but only 

the “Saints” are married by the Church rites. 

★ ★ ★ ★ 

Individual deviation from cultural norms, relatively restricted in 

nature, is discouraged at Cochiti. Sanctions include economic reprisals 

such as land confiscation, social ostricism, and persecution on charges 

of witchcraft. Deviants are either forced back to conformation (es¬ 

pecially true in former times), executed (more true formerly), or 

forced to leave the community. 
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Individual deviation from Church prescribed cultural norms is dis¬ 

couraged. Sanctions include removal from Church office, barring from 

Temple ceremonies, and excommunication. Deviants are thereby 

forced back to conformity or, especially in former times, to leave the 

community. 

DISCUSSION 

Anthropology’s interest in the comparison of different societies and 

their cultures has already been noted. Recently, the literature has re¬ 

flected renewed interest in comparative studies from which generali¬ 

zations may be drawn and predictions may be made. Simultaneously, 

there has been a more penetrating and discerning analysis of the 

methods and concepts involved. Certain basic difficulties have been 

indicated— (1) precisely which cultural units can, or should, be com¬ 

pared to make the analysis of similarities and differences significant 

within anthropology’s avowed attempt to understand the nature and 

functioning of generalized, or abstract, culture, and (2) what con¬ 

ceptual frameworks can best be utilized in demonstrating these 

findings? 

Schapera (1953) was concerned with the first of these problems in 

his paper, “Some Comments on Comparative Method in Social Anthro¬ 

pology.” For example, one study is based upon an individual com¬ 

munity (society, or culture) while another discusses a tribe or similar 

unit which is actually a composite of several communities (societies, 

or sub-cultures) or perhaps describes a recognizable culture area. 

While it is possible and, in certain instances, desirable to describe cul¬ 

tures at any of these three, or even more, levels, there is difficulty in 

using the data comparatively when more than one level is involved. 

There is a valid question as to whether or not such varying levels con¬ 

stitute legitimate comparative data. If the cultures concerned are re¬ 

stricted to the same level, a potentially nullifying factor is avoided. 

However, many cultural units present characteristics which transcend 

the bounds of any one level and thus virtually defy any type of rigid 

classification. 

In the present paper, Cochiti Pueblo is a single community in a 

tribal, and cultural, sense and includes no “satellite” communities as 

do such Pueblos as Laguna and Zuhi. However, its traditions, prehis¬ 

toric and admittedly open to skepticism, refer to former times when 

the Cochiti were living together with certain other eastern Pueblo 

neighbors, such as San Felipe. Whether one places much, or any, re¬ 

liance on such traditions, it is ethnologically demonstrable that Co- 
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chiti is a true component of the Eastern Keresan Pueblo Indian cul¬ 

ture. While at this composite level there is less cohesion, or integration, 

than that found within any of the component tribes, it is undeniably a 

cultural entity. In turn, Cochiti and her Keresan neighbors fit into a 

still higher level unit, which is even less homogeneous, which might 

be termed “Rio Grande Pueblo,” or “Eastern Pueblo.” Ascending still 

further in the level of culture and increasing in degree of hetero¬ 

geneity, Cochiti belongs within the grouping called “Southwestern 

Pueblo culture.” One might pursue this to still higher levels of affili¬ 

ation, but the point has been illustrated sufficiently. While all of these 

affiliations can be factually demonstrated, Cochiti retains identity as a 

tribal organization, a distinct cultural unit. 

Pomerene, in contrast, lacks any semblance of tribal unity. In pre¬ 

senting its characteristics, one is repeatedly tempted to include data 

on neighboring Mormon communities as well or even data on Mor¬ 

mon universals. In addition, the affiliations of Pomerene with Anglo- 

American culture in general and with that of the Southwest spe¬ 

cifically are obvious. In many ways, it appears more arbitrary to iso¬ 

late Pomerene from its neighboring Mormon communities than to 

isolate Cochiti from other Keresans. However, it has never been 

doubted that Pomerene, as a community, possesses unique details and 

distinctive phrasings of generalized Mormon life. 

The comparison of Cochiti and Pomerene may at first seem un¬ 

warranted because they are commonly associated with completely 

divergent cultures. Because one is a “primitive” culture and the other 

is of “modern” Western European heritage, habit would place them in 

mutually exclusive categories. This distinction actually proves to be 

more of an illusion than a reality. The differences are perhaps no 

greater and no more significant than those customarily ignored in 

many groupings of various “primitive” peoples, as, for example, the 

rather glib inclusion of various Pueblo tribes with Jicarilla, Papago, 

Yavapai, and others within the Southwestern Culture Area. 

The cultural comparison of Cochiti and Pomerene reveals obvious 

differences in language, architecture, social organization, and religion. 

In spite of these differences, and others unmentioned, there are at 

least four basic similarities. First, both communities are small villages 

of about three hundred residents, each of whom is acquainted with 

essentially all other village inhabitants. Second, the people of Cochiti 

and Pomerene, in each case, have been influenced by an all-pervasive 

religion. In each community, the religious organization requires the 

active participation of a large percentage of the population. Theocratic 
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controls dominate the social, political, and economic life. There are 

two basic factions in each culture which are separated and distin¬ 

guished according to the nature of their relationship to the respective 

religions. Third, the economic organization of both communities is 

based upon irrigated, subsistence agriculture, at least until rather 

recent times. Maintenance of both irrigation systems has traditionally 

depended upon cooperative labor, contributed on an essentially uni¬ 

versal basis by the adult males of the community. Fourth, because of 

religious and social factors, both Cochiti and Pomerene have shown a 

reserved attitude that has tended to inhibit contacts with most out¬ 

siders. Exceptions in the case of Cochiti have been primarily some 

limited relations with Keresan neighbors; in the case of Pomerene, 

the exceptions have been limited to contacts with neighboring Mor¬ 

mon communities. Such basic similarities are highly suggestive of 

Redfield’s characteristics of “folk society” as contrasted with “urban 

society” (Redfield, 1947). 

The comparative table presented in this paper indicates that despite 

important differences, the sharing of a common size (which could, in 

this instance, have displayed much greater disparity without sacri¬ 

ficing significance) affords a reliable base for further comparison. The 

fact that both communities have traditionally been of distinct religious 

faiths is not as important as the fact that both have traditionally been 

theocratically controlled. This common theocratic character affords 

additional bases for comparisons, as brought out in the table. The fact 

that the economies reveal many similarities provides other significant 

comparisons as does the tendency to focus interests and activities in¬ 

ternally in each culture. How much discrepancy can be tolerated in 

size, dominant forces of social control, basic economic patterns, and 

cultural focus before comparative analyses lose their significance and 

become obscured in irrelevancies is an interesting problem in theory. 

However, in the present day world with its concern with applied 

anthropology, it is a problem which is certainly not restricted to theory 

—whatever the answer is on the point of tolerable variation, its ap¬ 

plicability has obviously practical ramifications. 

Having identified certain significant parallels in the respective con¬ 

structs of Cochiti and Pomerene cultures, further elaboration of paral¬ 

lels in the dynamics of each culture is worthwhile. Some changes oc¬ 

curring in Cochiti and Pomerene involve the secularization of the 

local society. This again shows numerous parallels with Redfield’s 

description of change and its ramifications in Yucatan (1941). These 

similarities in the experience of both Cochiti and Pomerene are a part 
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of an acculturative process; more specifically, both communities have 

been, and are being, forced to adjust to the modern Southwest and, 

less directly, to the general American culture. Here again, the term 

“culture” presents certain difficulties because it pertains to at least 

three distinct levels of abstraction; the local culture, the regional cul¬ 

ture, and the larger unit of which the regional culture is a component. 

Carrasco (1952: 7-8) suggested the term “National Culture” in his 

study of the Tarascans; such a term would appear equally applicable 

here — once it is recognized that Carrasco’s particular “National 

Culture” is distinct from the one in mind. 

An important aspect of such an analysis is the realization that the 

local community is a part of a larger whole; this larger unit is not just 

a haphazard collection of communities. It is a superstructure of com¬ 

mon patterns that serve to integrate and bind the components together. 

Warner’s failure to recognize these outside affiliations in his intro¬ 

ductory statement in Democracy in Jonesvitle (1949) has been criti¬ 

cized by Pfautz and Duncan (1950: 206). Goldschmidt (1950: 486) 

has criticized the anthropologists’ use of community, or cultural, pseu¬ 

donyms because this practice assumes extrapolation from one com¬ 

munity to others in the region, or nation. In addition, he has ques¬ 

tioned whether any community is a precise miniature, or microcosm, 

of the total culture. (While Goldschmidt’s remarks on pseudonyms in 

this context are valid, it should be pointed out that pseudonyms are 

also used, often primarily, for the protection of both communities and 

individuals.) 

To elaborate further, Foster (1953) pointed out that the folk culture 

characteristics of Latin American communities are not so much the 

result of a common typological origin but more the product of ad¬ 

justment of various local cultures, diverse in origin, to the same broad 

and dominating culture, i.e., that introduced by the Spaniards. In the 

comparisons advanced in the present paper, Cochiti is the product of 

aboriginal Pueblo Indian culture with an overlay of New World 

Spanish culture, both of a rural and agricultural nature; Pomerene 

is of Anglo-American heritage, again deeply rooted in a rural and 

agricultural setting. Both have entered an era of active absorption or 

involvement in modern American rural life—and to a considerable 

extent involuntarily so in each case. 

A number of the similarities indicated between Cochiti and Po¬ 

merene are those stemming from adjustment to a dominant cultural 

theme. The shift from subsistence to market agriculture has had a pro¬ 

found effect on both. In part, this is the result of a closer connection 
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with the national culture. However, it is also a part of the third factor 

(the common tradition of an economy based on irrigated, subsistence 

agriculture) contributing to the similarities between Cochiti and 

Pomerene. The national culture to which they are tied is, itself, under¬ 

going significant changes. American agriculture is losing its sub¬ 

sistence farms, vast technological changes are taking place in farm¬ 

ing, standard of living is becoming more urban, and stronger ties have 

been developed between the rural communities and the adjacent urban 

centers and, in turn, the national culture. 

Various studies by rural sociologists have described this change in 

American agriculture. One detailed study made of the relationship 

between agricultural mechanization and social change in rural Louisi¬ 

ana will serve as an example of what has also occurred at both Cochiti 

and Pomerene. The results were summarized by Bertrand (1951: 48) 

as follows: 

In Louisiana, the mechanization of farms has been directly associ¬ 

ated with a steady advance in the number of tractors, trucks, imple¬ 

ments, and machinery; a decrease in draft animals; an increase in 

livestock other than workstock; an increase in owner-operated 

farms; a decrease in the number of sharecroppers and laborers; ab¬ 

sentee ownership; a decrease in the number of farms; an increase in 

the size of farms; an increase in the total value of farm products 

produced; and a higher level of living. 

Social changes taking place in rural areas of Louisiana, which are 

more or less associated with agricultural mechanization, include de¬ 

crease in rural population; improvements in equipment, faculty, and 

attendance of rural schools; a loosening of ties on the individual 

members of the rural family; a loss of many of the rural family’s 

functions to other institutions; a decline in the influence of the rural 

church; a decrease in mutual aid practices; an increase in leisure 

time; an increase in social participation; and improved town-country 

relations. 

Carrasco (1952), independently recognizing this general phenom¬ 

enon, made a detailed study of Tarascan culture as it has been in¬ 

fluenced by the changes in the national culture of Mexico at different 

time levels. Further substantiation is found in the work of Lewis 

(1953) who pointed out that change in Mexican culture has been one 

of the factors in culture change at Tepoztlan. 

Similarities revealed in the present paper, those of population size, 

forms of social control, and basic economic patterns, together with a 

common experiencing of adjustment to the same dominant culture. 
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have provided firm grounds for comparison. How far these similarities 

can be expanded as typological criteria equally applicable to other 

communities regardless of considerations of culture areas or sub-areas 

and regardless of whether or not a common, shared ‘'folk culture” is 

involved, is an important question in comparative methods. 

The well-known “patterns” of Benedict (1934) have had consider¬ 

able acceptance, but in the comparison of cultures, as Beals and Hoi- 

jer (1953; 216) and others have indicated, this concept lacks the wider 

applicability such as that possessed by Opler’s “Themes.” Opler (1945: 

198) provided several comments of direct interest here: 

... a limited number of dynamic affirmations, which I shall call 

themes, can be identified in every culture and . . . the key to the 

character, structure, and direction of the specific culture is to be 

sought in the nature, expression, and interrelationship of these 

themes. 

The term “theme” is used here in a technical sense to denote a 

postulate or position, declared or implied, and usually controlling 

behavior or stimulating activity, which is tacitly approved or openly 

promoted in a society. 

With his themes and various categories of expression of these 

themes, Opler has contributed another conceptual framework which 

may prove to be of real assistance in cultural comparisons. Themes, 

such as a desire to maintain distinct entity for the local population, the 

unrivaled power and authority of the theocracy, and the preference 

for an economy based on irrigated agriculture, with the countless 

parallels in the expressions of these themes, are of positive assistance in 

the analysis of the communities, or cultures, of Cochiti and Pomerene. 

Without attempting to exhaust the wide range of terminology al¬ 

ready in the literature, there is still another approach which deserves 

mention in the present discussion. This is the program on “value 

studies” being carried on by the Laboratory of Social Relations at 

Harvard University. In this respect, one wonders if “values” and 

“value systems” may not prove to be quite compatible with such a 

conceptual framework as Opler's “themes.” 

SUMMARY 

In this paper, two communities with distinct cultural traditions 

have been compared; despite the numerous apparent differences, 

many similarities have been indicated. Possible explanations for these 

similarities have been discussed. The comparison of closely related 
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cultures has been made repeatedly in anthropology. However, serious 

attempts to compare, rather than contrast, explicitly different cultures 

have seldom been made although these considerations are of equal 

anthropological significance. By studies of the underlying implicit 

aspects of such cultures, there may be an opportunity to discover more 

truly vital similarities. By the consideration of both explicit and im¬ 

plicit similarities and differences, the full benefits of the comparative 

method may be realized. 
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Contributions to the Cranial Morphology of 

Bufo w. woodhousei Girard 

by RICHARD J. BALDAUF 

A. and M. College of Texas 

AN INCREASE in studies, collections, and interests in the Bufonidae of 

North America has thrown the already complex taxonomic status of 

many of the species of the genus Bufo into even more confusion. Anal¬ 

yses of certain species, groups of species and general phylogenetic pro¬ 

posals of this family, as represented in North America, have been 

based chiefly in the past on external characteristics. 

Anatomically, the North American Bufonidae offer a fertile field 

of investigation. Various studies of anuran anatomy have been offered 

in the past by a host of workers, but unfortunately the cranial mor¬ 

phology of the genus Bufo has been slighted. Parker (1876, 1881) and 

Parker and Bettany (1877) were among the first workers to describe 

and figure adult and larval cranial features of several bufonids, among 

which was included the larva and a newly transformed young of one 

North American form (Cope’s B. lentiginosus). While the illustrious 

works of Parker are still serving as important bases for such studies, 

they fail to reveal the many important internal relationships. The 

work of Gaupp (1896-1904) on European ranids (Rana esculenta, R. 

fusca, and R, arvalis) remains as an outstanding reference for anatomi¬ 

cal studies of anurans. Born’s treatise on the amphibian nasal capsule 

(1876), the first extensive investigation on this subject, presents cer¬ 

tain aspects of the condition found in the adult Bufo uariabilis. Higgins 

(1920) included a description of a 9 mm. stage of Bufo americana 

(sic) in his monograph on the amphibian nasal organ. In 1928 Lapage 

described the septomaxillary bone and its relationship to the structures 

of the nasal capsule in B. marinus. An excellent account of the cranial 

antomy of amphibians is given by Stadtmuller (1936). Ecke (1934) 

gave a detailed account of the inner ear and related structures for Bufo 

vulgaris. 

The most revealing recent studies on the cranial moiphology of am¬ 

phibians have come from the University of Stellenbosch, where Drs. 

C. G. S. de Villiers, G. P. du Toit, C. A. du Toit, their colleagues and 

students have been carrying on intensive investigations during the 

275 
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past quarter century. Although many publications have originated 

from these studies, only one (Schoonees, 1930) deals with the genus 

Bufo (B. angusticeps). Further studies on B. agusticeps are in process 

at Stellenbosch, according to Dr. C, A. du Toit (in lit.). 

In 1936 Ramaswami published on the cranial morphology of Bufo 

melanostictus^ B. parietalis, B. hololius, B. beddomii, and Nectophryne 

miser a. Sedra (1949) investigated the homology of certain elements 

in the skull of Bufo regularis and in 1950 published a detailed account 

of the metamorphosis of the jaws and the associated muscles of the 

same species. The latter work contains a very excellent series of plates 

showing the chondrocranium of pre- and postmetamorphic stages. Not 

yet available to me is a paper by Sedra (1952) on the morphology of 

the suprarostral system and the mandibular arch of Bufo lentiginosus. 

Dr. Sedra recently informed the author by letter that further studies 

on B. regularis are underway at Moharram Bey (Egypt). Al-Hussaini 

(1939) published on the anatomy of Bufo regularis and B. viridis. 

All of the important works have been critically analyzed, reviewed 

and incorporated in the tome dealing with the vertebrate skull by de 

Beer (1937), 

Needless to say, the great gap in our knowledge of the cranial fea¬ 

tures of North American anurans must be filled before adequate in¬ 

terpretations of speciation, distribution, hybridization, and phylogeny 

are forthcoming. 

At first this author was imbued with the idea of making a compara¬ 

tive study of the skeletons of endemic species of the United States by 

employing dried skeletons, cleared preparations, and dissections of 

adult specimens. The only attempt at a comparative study of the com¬ 

plete anuran skeleton is the apparently obscure publication by Bolkay 

(1919). His study included the Xenopodidae, Discoglossidae, Pelo- 

batidae, Hylidae, Engystomatidae, Cystignathidae, Ranidae, and Bu- 

fonidae, but included only one bufonid (B, marinus) found in the 

Americas. An atlas to this study was published posthumously in 1933. 

Bolkay’s efforts were founded on real needs, but his analyses leave 

much to be desired. It is unfortunate that the works of Gaupp, Duges, 

and certain other early workers apparently were not available to him. 

For the most part, his nomenclature lacks phylogenetic continuity and 

is not accepted by other workers. Nevertheless, Bolkay was the first 

worker to recognize the real need for a comparative study of the osseous 

elements of the anurans. 

Sanders recognized the possibilities held by a critical analysis of the 

cranial bones in the woodhousei-fowleri-terrestris-americanus com- 
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plex. His study (1953) introduces a new nomenclature for certain 

elements of the “post-orbital shelf,” the crests of the frontoparietal 

bones, and the occipital region, which should serve as a basis for simi¬ 

lar investigations. As shown by Sanders, many similarities are evident 

to support the ideas of close relationship of the North American Bu- 

fonidae. Differences also occur, however; these must be carefully 

explored, tested, and described in the manner suggester by Sanders’ 

study. 

The following study of the cranial morphology of Bufo w. wood- 

housei Girard (as represented in south central Texas) by examination 

of serial sections is offered as the first of a series of such studies of 

American Bufonidae. A comparison of American species may enhance 

our knowledge of the comparative anatomy of the family and perhaps 

bring to light certain facts that may serve as useful adjuncts to taxo¬ 

nomic and phylogenetic inquiries. 

It seemed to this writer that, before a study of cleared specimens 

and dried skulls was started, serial sections should be studied in order 

to learn the internal relationships of the bones, cartilages, and other 

cranial elements. This is particularly important, because the process 

of disarticulating dried skulls is often made difficult by intense calci¬ 

fication of cartilages. 

The nomenclature of some elements and the various opinions of 

homologies, as given in the literature, are open to debate. Such prob¬ 

lems, however, are considered beyond the scope of this work. A few of 

the more peculiar situations may be mentioned at this time to stress 

our incomplete knowledge and to emphasize the critical need for 

detailed studies. 

Gaupp’s view (1895) that a “squamosal” is not present in modern 

Amphibia, but instead a “paraquadrate,” has been upheld by de Vil- 

liers (1936) and others. That the tide is gradually turning is perhaps 

evidenced by the use of “squamosal” at least in the illustrations, by 

Badenhorst (1945), Maas (1945), Maree (1945), Matthews (1950)* 

Ryke (1950), and van Zyl (1950) whose works were published from 

the University of Stellenbosch. De Beer (1937, pp. 437-438) presents 

concisely the arguments for the retention of “squamosal” to replace 

Gaupp’s “paraquadrate.” A nomenclatural problem also exists with 

“quadratojugal” vs. “quadratomaxillary.” 

Eaton (1939 and 1942) concluded that in Rana catesbeiana, R, 

esculenta^ R. temporaria, R. aurora^ R. clamitans, Hyla regilla, Pseudis 

paradoxa^ Scaphiopus hammondii, Dendrobates auratus, and Bufo 

californicus the so-called “frontoparietal” has its origin from a single 
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center of ossification and therefore represents, in all probability, the 

frontal bone only. This was the first departure from the classical view 

of the compound origin of this bone and was followed by Sedra (1949), 

who observed the same conditions in Bufo regular is, B. bufo, and Rana 

mascareniensis. De Beer (1937) was careful to italicize his opinion 

when he wrote (p. 503) . it is not possible to arrive at a satisfactory 

definition of what constitutes a bone along embryological lines, in 

terms of separate centres of ossification.” The latest observations are 

those of Griffiths (1954a) who, after studying the ontogeny, paleon¬ 

tology, and comparative anatomy of certain anuran families, rejects 

the views of Eaton and Sedra. Indeed, Griffiths observes the origin of 

the frontopariental from single and double centers of ossification 

among the Bufonidae. 

Although the more familiar “sphenethmoid” is used in place of “os 

en ceinture” of Cuvier, the latter nondescript term is perhaps better 

as explained by du Toit (1943, p. 201). 

Sedra (1949) has also demonstrated that young specimens of Bujo 

regularis and Calytocephalus gayi possess an otic element which in 

later stages of development fuses to the squamosal. The otic element 

is homologized with the postfrontal, and the definitive compound 

squamosal is designated as a postfronto-squamosal. Sedra’s otic ele¬ 

ment is recognized in the Atelopodidae and Bufonidae by Griffiths 

(1954b) but the latter claims that it must be homologous to the supra- 

temporal. The otic element is described for seven bufonids, including 

B. regularis and one New World species (B. marinus). Griffiths fur¬ 

ther demonstrates that the presence of an otic element (or a definitive 

compound squamosal) is accompanied by a specialization of the origin 

of the M. depressor mandibulae, the origin being on the posterior bor¬ 

der of the squamosal. Among the 16 bufonid species listed as exhibiting 

such an origin for this muscle is B. regularis, although Sedra (1950, 

p. 440) independently described the M. depressor mandibulae as aris¬ 

ing from the crista parotica and from the squamosal in the same 

species. 

MATERIAL AND TECHNIQUE 

A male specimen of Bufo w. woodhousei Girard, measuring 75 mm. 

from snout to vent was collected in Brazos County, Texas in 1950 and 

preserved in formalin. The head was severed from the body and the 

skin and lenses removed prior to decalcification in Perenyi’s fluid. The 

head was bulk-stained in borax carmine and imbedded in Tissuemat 

by the usual techniques. Sections cut at 14, 18, and 20 micra were 
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counterstained by a modification of Heidenhain’s azan technique. The 

final preparations were mounted in Permount for examination with a 

binocular dissecting microscope. A good series of serial sections was 

obtained. 

The study of serial sections was supplemented by the preparation 

and examination of dried preparations, cleared specimens, dissections, 

wax-plate models, and graphic reconstructions (Pusey, 1939). Draw¬ 

ings of transverse sections were made by projection. Pre- and post- 

metamorphic stages were cleared and stained with alizarin red S 

Smith and Gore, 1936) to determine several points. 
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DESRIPTION OF THE CRANIAL ANATOMY 

OF BUFO W. WOODHOUSEI 

The following description is based on the examination of serial 

sections, starting with the olfactory capsule and proceeding toward 

the rear of the head. 

OLFACTORY REGION 

The olfactory sacs are separated by a substantial septum nasi (sept, 

nas.) which begins at the anterior level of the cavum principale. The 

septum (septum internasale of some authors) is in synchondrotic 

continuity with the olfactory capsule (Fig. 2) at the very beginning 

and never exists as an isolated median wall. Although a well-developed 

cartilage in front, the septum nasi gradually becomes ossified in the 

region of the eminentia olfactoria until complete ossification occurs 

(Figs. 10-14). De Beer (1937, p. 442) has suggested that the ossifi¬ 

cation of the nasal septum represents the presphenoid in those tetra- 

pods which lack a mesethmoid. Before giving rise to the crista inter¬ 

media (cr. int.) the septum appears as a thick mass of cartilage equal 

in depth to half of that of the snout. The septum is pierced by the 

ramus externus narium (r. ext. n.) of each side; the two rami finally 

leave the septum at the anterior level of the alary cartilage (Fig. 2). 

The superior and inferior prenasal cartilages (c. p. inf., c. p. sup.) 

first appear in sections with the premaxilla and the alary cartilage. 
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NAS. 

NAS. 

Fig, I. Transverse section through the olfactory capsule at the anterior level of the 

superior and inferior nasal cartilages. 

Fig, 2, Transverse section through the olfactory capsule at the anterior level of the 

cavum principale. 

Fig, 3, Transverse section through the olfactory capsule in the region of the lamina 

superior and lamina inferior. 

Fig. 4. Transverse section through the olfactory capsule in the region of the planum 

terminale. 

Fig. 5. A reconstruction of the nasal cartilages at the level of fusion of the crista inter¬ 

media and the solum nasi. 

Fig. 6. Transverse section through the olfactory capsule at the anterior level of the 

prevomer. 
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The anterior tip of the superior cartilage rests in a dorsal recess of the 

premaxilla, which flanks the cartilage medially and laterally at all 

times, and almost immediately fuses with the alary cartilage (Fig. 2). 

The inferior prenasal cartilage is imbedded in the premaxilla an- 

L AT. POST. PROC 

LAT. L. SPMX. L. SPMX. PL. OBL. 

GL. NAS.LAT.I 

TR.Z.L.INF SOL NAS. 

C I MM. 

GL. NAS. LAT. 

Fig. 8 

Fig. 7. Transverse section through the olfactory capsule at the anterior level of the car¬ 

tilaginous support of the olfactory eminence. 

Figs. 8A, B, C, D, E. Consecutive transverse sections of the olfactory capsule in the 

region of the septomaxilla. 

Figs. 9A, B. Anterior (A) and dorsal (B) views of the right septomaxilla. 
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terioriy but soon leaves that bone (Fig. 2) to continue back as a rod 

of cartilage which fuses with the ventral surface of the solum nasi 

(Fig. 3) at the level of the cavum medium. 

The tectum nasi ftect. nos.) persists anteriorly as an abbreviated 

NAS. 

Fig. 10. Transverse section through the olfactory capsule in the region of the processus 

lingularis. 

Fig. I I. Transverse section through the olfactory capsule in the anterior region of the 

olfactory eminence. 

Fig. 12. Transverse section through the olfactory capsule in the region of the processus 

nasalis maxillaris. 
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roof of the anterior region of the cavum principale {cav. p., Fig. 2), but 

does not project to the front as in B. angusticeps (Schoonees, 1930, p. 

457). Posteriorly the tectum is represented only by slight bifurcations 

of the top edge of the septum nasi (Fig. 10). A cartilaginous roof is 

later re-established when the planum antorbitale (pla. ant.) extends 

CAN.CR. 

Fig. 13. Transverse section through the olfactory capsule immediately posterior to the 

choana. 

Fig. 14. Transverse section through the olfactory capsule in the region of fusion of the 

planum antorbitale, solum nasi, and processus maxillaris anterius. 

Fig. 15. Transverse section through the anterior region of the sphenethmoid. 



CRANIAL MORPHOLOGY OF BUFO 285 

up and medially to join the septal bifurcations (Figs. 11-14). Thus, 

for much of its length the cavum principale (cavum superius) is 

roofed by the nasal bone exclusively. 

After first serving as a partial ventro-lateral wall of the cavum prin¬ 

cipale (Fig. 2), the alary cartilage (c. al.) abruptly increases in size 

and extends upward to fuse with the ventro-lateral edge of the cap¬ 

sular wall. The alary cartilage continues posteriorly, being arcuate in 

cross section, and gradually becomes reduced in size until its posterior 

connection with the crista intermedia is severed (Fig. 8A, B). Past the 

point of severance, this cartilage exists as an isolated, curved plate, 

which diminishes in size and terminates in front of the infundibulum 

of the cavum principale. 

Before the crista intermedia appears in sections, there is a rod of 

cartilage (z. r. c., Fig. 8B) at the mid-ventral line of the roof of the 

mouth, displaced at first beneath the palatal processes of the two pre¬ 

maxillary (pmx.) bones and later separating the same elements. This 

structure persists as an isolated cartilage and disappears at the level 

of fusion of the anterior process of the crista subnasalis and the crista 

subnasalis proper. A similar median palatal cartilage was observed in 

B. variabilis by Born (1876, p. 589) and in B. angusticeps by Schoonees 

(1930, pp. 462-463), who suggested the possibility that it represents 

a larval vestige of the rostral apparatus. Of the bufonids studied by 

Ramaswami (1936) only Nectophryne misera (p. 1167) exhibits the 

palatal cartilage. The nature of the same cartilage has also been 

likened to the papillary cartilage (de Beer, 1937, p. 397), described 

by Broom as a posterior extension of the nasal septum in Sphenodon 

and in crocodiles. The true nature of this cartilage has been made 

clearer by Sedra (1950, p. 435), who shows it to have no relation to the 

suprarostral cartilage and suggests that it may be homologous to a 

portion of the median processus prenasalis inferior medius (of Rana, 

RappittyHyla, and others). Sedra proposes the name “intermaxillary 

cartilage” for this median, isolated palatal element. 

The crista intermedia arises as a thick cartilage directed laterally 

from the septum. It quickly reaches the full width of the snout on each 

side and detaches from the ventro-mesial edge of the alary cartilage. 

Laterally, the crista is almost immediately wedged between the pre¬ 

maxilla and a spur of the septomaxilla (Fig. 8A). The crista fuses 

with an upturned portion of the solum nasi (Fig. 5) just in front of the 

olfactory eihinence. 

The anterior blind end of the cavum medium (cav. med.) appears 

in the crista intermedia beneath the dorsal spur of the septomaxillary 
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(Fig. 7B) and in front of the anterior limits of the cavum inferius. The 

anterior position of the cavum medium is reported also in B. angusti- 

ceps by Schoonees (1930), but his Figure 7 strongly suggests that the 

cavum inferius appears far in front of the cavum medium. In sections 

to the rear the septomaxillary serves as the only roof of the cavum 

medium. At the same level the crista which is protected ventro-lat- 

erally by the premaxilla, sends a process upward, the lamina inferior 

(1. inf.). Likewise, a lateral process, the lamina superior (1. sup.), 

starts across the top medial third of the cavum medium to abut against 

a limb of the septomaxilla (Figs. 8B, C, D, E). The lamina superior 

soon roofs the cavum medium for two-thirds of its width medially, 

stopping only to allow the infundibulum (inf.) of the cavum prin- 

cipale to descend toward the cavum medium. This descent is at first a 

straight one, but later is medially flexed as explained below. The 

fenestra nasobasalis is located at the same level and is occupied by 

glandular tissue which is in continuity with glands of the recessus 

medius and the glandulae intermaxillaris (gl. imx.). 

The cavum medium eventually becomes divided by the septomaxilla 

into a medial space, which remains connected with the infundibulum, 

and a lateral space, which communicates with the nasolacrimal duct 

(Fig. 4). Thus, the cavum medium differs from that reported for ISlec- 

tophryne miser a by Ramaswami (1936, p. 1160, Fig. 2C) in that it 

opens into the cavum inferium after the infundibulum is received. 

Posterior to the division of the cavum medium the lamina inferior 

detaches from the crista intermedia, leaving the crista and lamina 

superior confluent (Fig. 4). The recessus medialis (rec. med.) is in¬ 

vaded by the infundibulum. The lamina inferior, now appearing in 

sections as an isolated cartilage, serves as a floor for the beginning 

nasolacrimal duct and the lateral half of the infundibulum. The “floor” 

in turn serves as a roof for the lateral half of the recessus lateralis 

{rec. lat., Fig. 4). The medial half of the lamina inferior is reduced 

almost immediately and fuses with the planum terminale (pla. ter.) 

to form a wall which replaces that formed by the septomaxilla in an¬ 

terior sections (Fig. 6). In the same region the posterior part of the 

premaxilla is much reduced and is gradually replaced by the pars 

palatina (p. pal.) of the maxilla. 

The crista intermedia enlarges at the bottom and, at the level of 

the fenestra nasobasalis, cleaves laterally to form the recessus medialis 

(rec. med.) of the cavum inferius (cav. inf.); this recessus is thus 

roofed by the crista intermedia and bounded below by the newly- 

formed solum nasi {sol. nas., Figs. 8C, D, E). The cavum inferius is 
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at first limited laterally by the transition zone of the crista intermedia 

and the solum nasi, but a break is soon effected to set the solum com¬ 

pletely free and allow for the recessus lateralis of the cavum inferius. 

The fenestra nasobasalis soon disappears from sections, leaving the 

solum as a flat floor in synchondrotic continuity with the ventro-lateral 

edge of the septum nasi medially and abutting against the maxillary 

(max.) bone laterally. Although the anterior cartilaginous roof of the 

cavum principale is at first connected to the septum, it soon becomes 

isolated as the cartilage obliqua (c. obi.) and continues toward the rear 

as an enlarging plate affording, at first, an incomplete lateral wall for 

the cavum (Fig. 3). The oblique cartilage increases in depth posteriorly 

until it meets and fuses with the planum terminale, which rises from 

the septomaxilla at the level of the infundibulum. Schoonees (1930, 

p. 458) states that in B. angusticeps the oblique cartilage fuses with 

the back part of the lamina inferior of the crista intermedia. A point 

of detail is involved here. In B. w. woodhousei an anterior projection 

of the planum terminale appears at the posterior level of the oblique 

cartilage and the two elements meet and fuse shortly thereafter. At 

this point and for some distance to the rear the cartilage is well-defined 

as the planum terminale; the planum then fuses with the lamina in¬ 

ferior below. According to Schoonees’ figures (2, 3, 4) one is led to 

believe that the planum terminale, rather than the oblique cartilage, 

fuses with the lamina inferior in B. angusticeps. In B. w. woodhousei 

the planum terminale offers a complete lateral wall for the cavum 

principale in the region just discussed. 

A cartilage appears just inside the maxilla and above the premaxilla 

at a level anterior to the severance of the alary cartilage and the crista 

intermedia. This cartilage represents an anterior process of the crista 

subnasalis (cr. sub.) and is located beneath the inferior prenasal carti¬ 

lage (Fig. 3). The anterior process of the crista subnasalis (ant. p. cr. 

sub.) meets and fuses with the crista subnasalis in front of the planum 

terminale. The crista subnasalis persists posteriorly as a ridge, the 

ventro-lateral edge of which rests between the lateral wall of the 

maxillary bone and its pars palatina. The region of transition between 

the solum nasi and the crista subnasalis is characterized by a well- 

defined arch of cartilage which impinges upon the recessus lateralis 

(Figs. 4, 8). After the solum nasi loses its connection with the crista 

subnasalis the latter continues as a posterior process resting on the pars 

palatina of the maxilla (Figs. 6, 7). Almost immediately the crista 

subnasalis and the solum nasi are separated by the prevomer bone 

(prev.) which offers a recess for the lateral terminus of the crista (Fig, 
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6). The posterior process of the crista subnasalis decreases in size and 

finally ends at the anterior border of the eminentia olfactoria. 

The prevomer (vomer of some authors; viz, Goodrich, 1930, pp. 366- 

369 and de Beer, 1937, p. 434) first appears in sections where the 

solum nasi loses its continuity with the crista subnasalis, and is at first 

disposed between the two cartilages. In the same region, the medially- 

flexed infundibular space is confluent with the recessus medialis (Fig. 

6). The plica isthmi is evident at this level. 

Posteriorly, the crista intermedia becomes thinner, and greater 

separation of the solum nasi and the crista is evident; the increase in 

size of the prevomer is made possible not by a lateral reduction of the 

solum (as it would appear), but by the prevomer apparently pushing 

the solum upward. This apparent upward force is continued poste¬ 

riorly, the prevomer becoming wide and the solum more curved. The 

upward position of the solum anticipates the supports for the eminen¬ 

tia olfactoria which appear in later sections. 

The planum terminale and the lamina inferior, to which it is fused, 

gradually decrease in size and are replaced from above by the de¬ 

scending nasal bone (nas.). The reduction of the lamina inferior plus 

the dorso-medial extensions of the prevomer effect a more direct con¬ 

tinuity of the cavum principale and the recessus lateralis, the region 

of communication being bounded laterally by the plica isthmi and 

medially by the prevomer. The fusion of the crista intermedia with 

the solum nasi at this level (Fig. 5) has been mentioned. The medial 

portions of the crista disappear posteriorly, leaving only its region of 

fusion with the solum nasi; this evidence of fusion soon disappears. 

The floor of the solum nasi then enlarges abruptly to form a dorsally- 

directed support for the eminentia olfactoria (Figs. 7, 10). At this level 

the prevomer meets the ventro-lateral edge of this support. The lateral 

surfaces of the septum nasi are perichondrally ossified in the region 

of the eminentia (Fig. 10). Posteriorly, the cartilaginous support for 

the eminentia shows perichondral ossifications on top; posterior sec¬ 

tions show progressive replacement of the cartilage of the septum 

nasi, solum nasi, and support for the eminentia by ossifications until 

those structures are represented exclusively by perichondral and 

enchondral ossifications (Fig. 14). 

In the region of the olfactory eminence, the planum terminale lies 

just inside the ventral margin of the nasal bone as a long, feeble, pos¬ 

teriorly-directed processus lingularis {proc. ling.^ Fig. 10), which 

continues back to fuse with an anterior process of the planum an- 

torbitale. 
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The eminentia olfactoria and its supports are bifurcate laterally 

(Figs. 11, 12, 13); the cartilage does not project anteriorly as a free 

piece as reported by Schoonees for B. angusticeps (1930, p. 459). 

The processus maxillaris anterius (proc. max. ant.) of the planum 

antorbitale (lamina orbitonasalis) appears as a small rod of cartilage 

deeply imbedded in the maxilla (Fig. 11). As it continues back, the 

processus becomes enlarged and eventually breaks through the medial 

wall of the maxillary bone (Figs. 12, 13). (According to Higgins 

1920, pp. 58, 63) a processus maxillaris anterius is absent in the 9.0 

mm. specimen of Bufo americana (sic) studied by him and, based on 

this observation, he apparently assumes it to be absent in Bufo at all 

times. Since the processus is quite conspicuous in the sections ex¬ 

amined during this study (Figs. 11-14), its absence in a transformed 

individual of 9.0 mm. must be regarded as a larval feature.) At the 

same level, the planum antorbitale starts its descent by invading a 

dorsal V-shaped notch of the maxilla. As the descent continues, the 

notch becomes deeper; the lateral side of the notch is the pars facialis 

of the maxilla and the medial side a dorsal maxillary process herein 

named the pars nasalis (/?. nas., Figs. 12, 13). The cartilaginous area 

formed by the fusion of the planum antorbitale and the processus max¬ 

illaris anterius lies in a posterior notch of the pars nasalis (Fig. 14). 

Farther to the rear the notch is also occupied by the lateral edge of the 

palatine bone. In the same region, the choana is limited posteriorly by 

a fusion of the planum antorbitale and the solum nasi. The pars na¬ 

salis, being a slender oblique bony structure, abruptly disappears from 

sections. 

Perichondral and enchrondral ossifications of the tectum nasi, the 

supports for the eminentia olfactoria (except the tips), and that part 

of the solum nasi between the septum and eminentia are strongly evi¬ 

dent in the region of the fusion of the solum and the planum antor¬ 

bitale. At this level also, the cavum principale is completely enclosed 

by either cartilage or bone, the latter increasing posteriorly (Fig. 14). 

A substantial protective bony plate lies isolated between the septum 

and its dorsal bifurcations on one hand and the separated nasal bones 

on the other. This plate exists as an anterior projection of the com¬ 

pletely ossified septum and tectum nasi of sections to the rear. 

The premaxillary bone is disposed in the usual anuran manner. 

The dorsal process, the processus alaris (processus facialis of Bolkay), 

THE DERMAL BONES OF THE OLFACTORY REGION 

is bifurcate dorsally and invests the cartilage prenasalis superior (Figs. 
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1, 2). The base of the processus is perforated posteriorly for the an¬ 

terior tip of the inferior prenasal cartilage. An internal ridge simulates 

the pars palatina of the maxillary bone (Fig. 1). The short, isolated 

cartilage located in the roof of the mouth and separating the medial 

branches of the premaxillae has been described above. The relative 

positions of the maxillary, septomaxillary, and prevomer bones have 

been discussed. 

The nasal bone (prefrontal of Bolkay, 1919 and Cope, 1889) ap¬ 

pears in sections after the nasal tectum is met. The feebly developed 

tectum exists as a complete roof over the cavum principale for only a 

short distance; the nasal bone then becomes the roof (Figs. 3, 6, 7, 10). 

The capsule is without a cartilaginous roof until the planum antor- 

bitale makes contact with the bifurcated septum nasi at the level of the 

eminentia (Figs. 12-14). The planum terminale at first serves as the 

only side wall for the cavum, but this cartilage is gradually reduced 

and its function replaced by a ventro-lateral part of the nasal bone. 

The dorsal surface of the nasal bone carries an anterior continuation 

of the supraorbital (interorbital) crest as the canthal crest {can. cr.^ 

Figs. 11-13). On the dorsal surface of the nasal alae are many bony 

asperities; these along with a general thickness of the bone, represent 

the preorbital crest. The nasal bones converge medially at all times 

and are separated by connective tissue. 

SPHENETHMOID REGION 

Ossification of the cartilages behind the choana (ch.) is gradually 

increased, at first perichondrally and then enchrondrally until that 

part of the solum covered by the palatine bones (pal.) is a thick osseous 

plate equal to the thickness of those bones. Anterior splints of the 

frontoparietal bones appear just medial to the crests of the nasal bones. 

Strong ossification of all cartilages appears at the anterior level of 

the eye, except for the dorso-lateral tip of the remaining tectum nasi, 

which is roofed laterally by the posterior limits of the nasal ala and 

dorsally by the frontopariental bone. The lateral cartilaginous pro¬ 

jection of the planum antorbitale loses its connection with the ossified 

solum nasi and continues back as the processus maxillaris posterius 

{proc. max. post., Fig. 15), which is confluent with the processus 

pterygoideus {proc. pter., Fig, 20). 

The sphenethmoid bone (sph.) is therefore represented almost im¬ 

mediately behind the choanae as posteriorly progressive ossifications 

of the solum nasi, tectum nasi, septum nasi, and the cartilaginous 

planum antorbitale covering the lateral wall of the cavum principale. 
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Thus, the sphenethmoid bone contains two anterior recesses (serving 

to house the posterior limits of the cavi) which are separated by the 

ossified septum nasi (? presphenoid) and contain the bony supports 

for the eminentia. The septum nasi exists for about half the length of 

INT OR0.CR 

POST ORB CR OTO. FRONT. 

Fig. 16. Transverse section through the sphenethmoid immediately posterior to the 

orbitonasal foramen. 

Fig. 17. Transverse section through the posterior region of the sphenethmoid. 

Fig. 18. Transverse section through the neurocranium in the region of the trochlear 

foramen. 

Fig. 19. Transverse section through the region of the post-orbital crest. 
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the sphenethmoid before the latter assumes the U-shape typical in 

most anurans. 

The ramus medialis narium has its exit through the foramen orbi- 

tonasale. At the same level, the parasphenoid (prsph.) first appears 

closely applied to the ventral surface of the sphenethmoid. The orbi¬ 

tonasal foramen exists as a longitudinal slit for over one-half of a milli¬ 

meter in the specimen studied. The dorsal roof of the foramen is 

capped laterally by cartilage representing the posterior tectum nasi. 

The cartilaginous cap is gradually invaded by ossifications of the 

sphenethmoid proper until the dorso-lateral edge is completely ossified. 

Posterior to the orbitonasal foramen, the septum nasi disappears so that 

the olfactory nerves of both sides lie in a common cavity. 

Several small cartilages (i.r.c.) appear posterior to the occluded 

orbitonasal foramen. These cartilages are short, isolated rods located 

beneath the sphenethmoid and at the dorso-lateral edge of the same 

bone; one is incompletely ossified (Fig. 16). These cartilages appear 

to be similar to those described by Schoonees (1930, p. 466) for B. 

angusticeps. 

The walls of the sphenethmoid become thinner posteriorly, while 

the dorsal edge of each wall is gradually replaced by cartilage until 

the bone is completely replaced by a cartilaginous neurocranium. The 

upper half of the cartilaginous brain case is bounded by Bolkay’s 

lamina perpendicularis (lam, perp.) of the frontoparietale, and the 

ventral surface is bounded by the parasphenoid (Fig. 18). 

The Rachendriisen are normally disposed. 

ORBITAL, OTIC, AND OCCIPITAL REGIONS 

The neurocranium is perforated by the foramen trochleare (Fig. 

18) and, in part, by the foramen opticum. The trochlear foramen 

pierces cartilage, but prior to the transmission of the optic nerve the 

lateral wall of the brain case above the level of the optic foramen be¬ 

comes perichondrally and enchondrally ossified progressively to the 

rear and from the bottom upward. The latter ossifications represent 

the region of the prootic bone, which serves as a lateral wall for the 

cavum cranii. Thus, the optic foramen is enclosed posteriorly by bone. 

The zygomatic process of the squamosal and the quadratojugulare 

first appear in sections in front of the optic foramen. 

A cartilaginous optic sclera (c. scL) is present and is perforated by 

the optic nerve. 

The processus pterygoideus is enclosed laterally by the maxilla and 

medially by the anterior ray of the pterygoid; it soon leaves the max- 
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ilia to follow the pterygoid bone (pter.) and gradually curves medially 

toward the processus oticus (proc. ot.) to which it fuses (Figs. 20, 21). 

The isolated maxilla and the quadratejugulare appear at the same 

level. 

A median anterior process of the taenia tecti transversalis exists be¬ 

neath the frontoparietals at the anterior level of the cartilaginous tym¬ 

panic annulus. As the process widens, the dorsal edges of the walls of 

POST ORB CR TE.MP 50UA 

POST ORB CR, MED FRONT 

FRONT. TTTRA. 

Fig. 20. Transverse section through the region anterior to the middle ear cavity. 

Fig. 21. Transverse section through the region of the foramen oculomotorium. 
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the cavum cranii, which have persisted as cartilage to this level, elon¬ 

gate medially to effect a fusion that forms the transverse tectum (Figs. 

19, 20). 

Perichondral ossification of the V-shaped brain floor (which is 

covered ventrally by the parasphenoid) occurs at the level of the 

Kg. 23 

Fig. 22. Transverse section through the prootic bone in the region of the foramen 

prooticum. 

Fig. 23. Transverse section through the otic capsule at the anterior level of the fossa 

fenestrae ovalis. 
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transverse tectum; a general increase of bone, including enchondral 

ossification of the upper parts of the brain floor, continues and finally 

effects a fusion to form a bony separation between the optic and oculo¬ 

motor foramina. Thus, in the anterior region of the fenestra parietalis 

Cfen. par.) which is invaded by the taenia tecti medialis (t. t. med.), 

M.DR MD. 
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FOS. FEN.OV. 

V L L OT C 

Rg. 25 

FL. NFURO. 

Fig. 24. Transverse section through the otic capsule in the region of the foramen 

acusticum anterior. 

Fig. 25. Transverse section through the otic capsule in the region of the foramen 

acusticum medium. 

Fig. 26. Transverse section through the region of the unidentified ganglion of the 

glossopharyngeal. 



296 THE TEXAS JOURNAL OF SCIENCE 

the cavum cranii is enclosed by two main elements: (1) a U-shaped 

complex composed of the ossified (with cartilage remnants) taenia 

tecti marginalis (t. t. mar.) fused with the prootic bone (pro.)^ which 

in turn is fused with the upper ossified regions of the cartilaginous 

floor, and (2) the frontoparietal bones. Evidence of the cartilaginous 

taenia tecti marginalis soon disappears to leave the anterior “cranial” 

element of the prootic intimately fused with the perichondrally and 

enchondrally ossified cranial floor. 

T GLOSS 

Fig. 30 B 

Fig. 27. Transverse section through the otic capsule in the region of the foramen 

perilympaticum superius. (lable F. ACUS. POST, should read F. P. S.) 

Fig. 28. Transverse section through the region of the foramen jugulare. 

Fig. 29. Dorso-anterior view showing the relationship of the pars interna plectri and the 

operculum. Diagrammatic. 

Fig. 30A, B. Transverse sections through the lower jaw at (A) the anterior level of 

Meckel's cartilage and (B) the anterior level of the angulospleniale. 
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The bony wall of the cavum cranii is perforated by the small for¬ 

amen ocnlomotorium (/. oc,)^ which serves as the exit for the nervus 

oculomotorius (n. ocuL) and also for the entrance at the arteria carotis 

cerebralis (a. car. crh.) into the skull (Fig, 19). Later the wall encloses 

the larger foramen prooticum (f. pro,). Partially serving to ‘"plug” 

the prootic foramen is the large ganglion prooticum commune (g. pro. 

com.). Thus by a complete fusion of the ganglion geniculatum and the 

ganglion Gasseri, roots of the trigeminal and facial nerves leave the 

brain case at about the same level (Fig. 22). 

The ramus hyomandibularis (r. hy.) of the facial nerve leaves the 

ganglion prooticum commune and, with the vena capitis lateralis (v. 

c. L) travels laterally and upward between the otic capsule and the 

pseudobasal process. In posterior sections a ventro-lateral ledge of the 

otic capsule is present to isolate the ramus hyomandibularis in a lateral 

recess of the capsule located above the operculum. 

The vagus and the trunk of the glossopharyngeal arise from their 

respective ganglia located outside of the exoccipital bone. The first 

mentioned nerve proceeds anteriorly to the level of the operculum 

(Fig. 27) before it turns postero-ventrally. The trunk of the glosso¬ 

pharyngeal follows the vagus from the jugular foramen (Fig. 28) to 

a level above the operculum, where it enters a small but conspicuous 

ganglion (“X”, Fig. 26). The point of entry is marked by a branch of 

the glossopharyngeal trunk, the ramus communicans (r. com., Fig. 

26)'which continues antero-laterally to anastomose with the ramus 

hyomandibularis of the facial to effect the usual anuran condition. 

The communicans meets the hyomandibularis at a lateral position 

(Fig. 23) so that the latter never appears above the operculum. In this 

respect this species differs from the condition reported for B. angusti- 

ceps by Schoonees (1930, Fig. 12). The ninth nerve and its branches 

proceed from the lateral side of Gangloin ‘‘X” (Fig. 26). This ganglion 

has been observed by others (Goodrich, 1930, Fig. 507; also Sedra, du 

Toit, de Villiers, Barry, all in lit.) in Bufo, but to the author’s knowl¬ 

edge has never been described. It may have been the intention of Pusey 

(1938, Fig. 31) to show the same ganglion in Piana temporaria. Em- 

bryological studies may show this component of the ninth to be a 

persistent epibranchial ganglion. 

The processus oticus (proc. ot.) appears far forward in sections, at 

first completely invested by the head of the squamosal and later only 

laterally by that bone. At the same level can also be seen the processus 

pterygoideus and the lower anterior horn of a basal cartilage. Accord¬ 

ing to the concepts of de Beer (1937, p. 419) this basal cartilage must 



298 THE TEXAS JOURNAL OF SCIENCE 

be the processus pseudobasalis, because of its position posterior to the 

palatine nerve. Ramaswami (1936, pp. 1165-1167) describes only the 

presence of a processus basalis in Bufo melanostictus, B, parietalis, 

and Nectophryne miser a, but in a summary states that . the basal 

process also united with the otic capsule to form a ‘pseudobasal’ 

connection.” 

A small, dorsal, isolated mass of calcified cartilage, which is neri- 

chondrally ossified, marks the first evidence of the otic capsule (Fig. 

21). In the same section is seen the fusion of the processus oticus and 

the processus pseudobasalis by transitional cartilage. Before the sound 

conducting apparatus is reached in sections, the processus pterygoideus 

fuses with a thick lateral extension of the processus oticus to form the 

anterior limits of the processus quadratus. In the region of the foramen 

prooticum the ossified prootic bone appears as a broad, lateral ex¬ 

tension of the cranial wall (Fig. 22). At the same time the medial edge 

of the transitional cartilage enlarges by perichondral and enchondral 

ossifications; the two bony enlargements finally meet and fuse to form 

the definitive prootic bone. Seen also at this level is the pars externa 

plectri (p. ext. pL) and the anterior semicircular canal. The tran¬ 

sitional cartilage soon disappears, leaving the crista parotica (cr. par.) 

above and the processus pseudobasalis below (Fig. 22). The crista is 

intimately associated with the prootic by perichondral and enchondral 

ossifications. Likewise, the medial surface of the processus pseudo¬ 

basalis becomes ossified in anticipation of its later fusion with the 

ventro-lateral edge of the prootic bone. 

The pars media plectri (p. med. pL) has synchondrotic continuity 

with the upper edge of the pars externa plectri and continues mediad 

as bone to invade and fuse with the pars interna plectri (p. int. pL). 

In most anurans the pars ascendens plectri fuses with the crista 

parotica, and it has been so reported among the bufonids for Bufo 

angusticeps (Schoonees, 1930, p. 465) and B. melanostictus^ B. pan- 

therinus, and Nectophryne miser a (Ramaswami, 1936, pp. 1165— 

1166). However, Ramaswami shows (Fig. 5C) this fusion in B. melan¬ 

ostictus to occur at the junction of the transitional cartilage and the 

crista parotica. But even here the pars ascendens plectri is shown in 

its usual position of extending upward at a great angle toward the 

crista. In B. w. woodhousei, however, the pars ascendens plectri (p. 

asc. pi.) is virtually horizontal and has synchondrotic continuity at 

first with the transitional cartilage and then with the dorso-lateral 

edge of the processus pseudobasalis (Fig. 22), This part of the plectral 

apparatus is, then, far forward of its usual anuran position. It is of 



CRANIAL MORPHOLOGY OF BUFO 299 

interest to note the similarity of position of the plectral apparatus of 

B. w. ivoodhousei and B. melanostictus. Ramaswami noted (1936) that 

the plectral apparatus of B. melanostictus was farther forward than in 

B. parietalis. His figures (7A and 7B) indicate that the apparatus of 

N. misera was also farther to the rear than in B, melanostictus. 

Ventrally and medially, the crista parotica becomes evacuated for 

muscle attachments and appears falciform in section at such places; 

the ventrally-directed cristal arm shows external ossifications. Pos¬ 

teriorly, the crista serves as a small cap of cartilage on the oblique 

upper ledge of the otic capsule. 

Fusion of the cornu principalis of the hyale (corn, princ.) to the 

ventro-lateral ledge of the otic capsule (Fig. 23) occurs anterior to the 

foramen acusticum anterior (f. acus. ant.). At the same level, the otic 

capsule is completely ossified except for the cristal region and the 

ventro-lateral ledge of the capsule. Fig. 24 shows the origin of the M. 

depressor mandibulae at the edge of the crista parotica; this condition 

differs from that reported for Bufo regularis (Sedra, supra cit.) and 

for other bufonids by Griffiths (supra, cit.). Medially, the otic capsule 

is in continuity with the partially calcified tectum synoticum (tect. 

syn.) and with the remaining cartilage forming the floor of the brain 

case. The transverse rays of the parasphenoid offer support for the 

floor of the otic capsule. At the level of the foramen acusticum anterior 

there begins a general invasion of cartilage into the bony otic capsule 

from the cranial floor, crista parotica, ventro-lateral ledge of the cap¬ 

sule and from the tectum (actually evidence of incomplete ossification 

in these locations). Most of the tectum becomes strongly calcified in 

later sections and, at the rear, is replaced by bone at the sides (Figs. 

24—26). Except for a thin layer of perichondral bone on its medial 

side, the partition between the cavum cranii and the labyrinth cavity 

of the inner ear is represented by the cartilage prootico-occipitalis (c. 

pro. occ.) at the level of the foramen endolymphaticum. 

The foramen acusticum anterior is relatively large (Fig. 24); its 

posterior border and the foramen endolymphaticum occur at about 

the same level. An extremely small bridge of cartilage separates the 

anterior foramen from the foramen acusticum medium (/. acus. med., 

Fig. 25). A foramen acusticum posterior (f. acus. post.) occurs im¬ 

mediately to the rear and has its posterior rim bounded by bone. This 

study therefore does not support the statement made by Schoonees 

(1930, p. 464) that “Bufo has two foramina acustica.” (Dr. C. A. du 

Toit kindly informed the author by letter that current studies at the 

University of Stellenbosch by Mr. Barry disclose the presence of three 



300 THE TEXAS JOURNAL OF SCIENCE 

acustic foramina in B. angusticeps.) The presence of the cartilage 

prootico-occipitalis at the level of the acustic foramina marks the 

medial boundary of the prootic and exoccipital bones. These bones are 

completely fused except at this boundary and in the region of the 

epiotic eminence (epi. em.). 

The pars interna plectri, which is feebly fused to the lateral wall of 

the fossa fenestrae ovalis (fos. fen. ov.) for most of its distance, serves 

to cover the fossa (in front of the operculum) before it is divided by 

an anterior process of the operculum. The latter rapidly expands to 

form a convexly-curved plate of cartilage which surrounds an iso¬ 

lated postero-medial segment of the pars interna plectri. At this level, 

then, the pars interna plectri is represented by a latero-posterior spur 

feebly fused with the wall of the fossa and a medio-posterior spur 

covered above by the curved plate of the operculum (Fig. 29). The 

latter part of the pars interna plectri is thus exposed to the fossa 

fenestrae ovalis. The medial edge of the operculum attains continuity 

with the ventro-lateral edge of the dorsal otic region before the two 

plectral spurs end (Figs. 23-27, 29). 

The crista parotica extends back beyond the confines of the squa¬ 

mosal bone. Apparently Sanders’ ‘‘quadrate cartilage” (1953, pp. 41, 

43) refers to this cristal element. 

Alizarin preparations of pre- and postmetamorphic individuals fail 

to disclose an otic element as described by Sedra (1949) and Griffiths 

(1954b) for other bufonids. The definitive squamosal in B. w. ivood- 

housei, therefore, is not considered to be a compound bone. According 

to the findings of Sedra and Griffiths it is especially important to note 

that the M. depressor mandibulae has its origin only on the crista 

parotica (Fig. 24) in woodhousei. 

There is no fusion of the prootic bone and frontoparietale as de¬ 

scribed for B. angusticeps (Schoonees, 1930, p. 466) and for B. melano- 

stictus, B. parietalis^ B. kololius^ B. beddomii, and N. misera (Rama- 

swami, 1936, pp. 1166-1167). This is of especial importance, since it 

will be shown in a subsequent report by this writer that such a fusion 

does occur in some American bufonids. Parker (1881) made no 

mention of fused prootic and frontoparietal bones in B. melanostictiis 

or other bufonids studied by him. Bolkay (1919) recognized a “prooti- 

cum -j- occipitale laterale + fronto-parietale” complex. 

The disappearance of the temporal plate of the squamosal from sec¬ 

tions leaves the otic capsule exposed above except for the overlying 

posterior spur of the otoparietal plate of the frontoparietale. These 

sections show the epiotic eminence as a mass of cartilage with dorsal 
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calcifications and ventral ossifications (Figs, 24, 25), Posterior to the 

otoparietal spur, the eminence is represented in the same manner and, 

as in previous sections, is bounded laterally by ossifications of the 

prootic and medially by ossifications of the exoccipital (Fig, 27), Cal¬ 

cification of the cartilage of the eminence is intense enough to prohibit 

the separation of the prootic and exoccipital bones of dried skulls. At 

the level of the epiotic eminence, the cartilage of the tectum synoticum 

is strongly calcified dorsally. 

The two perilymphatic foramina open into the jugular foramen and 

are separated by a thin osseous splint. At this level, the anterior region 

of the foramen magnum is evident; the space is covered by connective 

tissue on top and bounded on each side by relatively thick regions of 

the exoccipital bones (Fig. 28). The ventro-lateral cartilaginous ledge 

of the otic capsule disappears just in back of the level of the operculum 

to allow free passage of the jugular foramen through the exoccipital 

bone (Fig. 28). 

The exoccipital condyles are at first completely ossified; this con¬ 

dition is altered posteriorly so that the condyles are completely ossi¬ 

fied enchondrally and incompletely ossified perichondrally, 

DERMAL BONES OF THE ORBITAL, OTIC, 

AND OCCIPITAL REGIONS 

The anterior tip of the frontoparietale rests upon the nasale; this 

relationship exists until the ossified sphenethmoid region is reached. 

The frontoparietale carries a strong dorso-lateral crest (supraorbital, 

interorbital), which becomes increasingly thicker and beset with as¬ 

perities; no distinction of the interorbital crest into frontal and parietal 

components (as recognized in the genus Bufo' by Sanders, 1953, p. 36) 

is visible (Figs. 16-18). A ventral projection of the frontoparietale 

(lamina perpendicularis) is present (Figs. 17-19) in the orbital re¬ 

gion; it meets the sphenethmoid in front, the cartilaginous neuro- 

cranium in the middle and the prootic bone posteriorly. 

The arteria occipitalis (a. occ.) leaves the occipital region by a pas¬ 

sage way in the frontoparietale (the occipital groove, occ. gr.) which 

may or may not be completely roofed over and finally through a fora¬ 

men to reach the orbital region where it gives rise to the arteriae 

orbito-nasalis and temporalis. The position of the occipital artery 

separates the lateral (otoparietal) plate of the frontoparietale {viz. 

Sanders, 1953, Fig. 4) from the main part of that bone (Figs. 19, 20). 

Since the vessel actually perforates the post-orbital crest, it is herein 

considered, for convenience, that the otoparietal plate and the medial 
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part of the frontoparietale contribute to the formation of the crest. The 

otoparietal plate at first exists as a lateral projection on which the 

medial portion of the post-orbital crest (otoparietal ridge of Sanders) 

is located. The lateral portion of the post-orbital crest is formed by the 

temporal plate of the squamosal and is appropriately termed the tem¬ 

poral ridge by Sanders (1953), The otoparietal plate, with a groove 

(occ. gr.) for the occipital artery is continued back as a thin splint, 

which ends in front of the epiotic eminence (Figs. 23, 24). The medial 

portion of the frontoparietals (between the interorbital crests), which 

at first converge toward each other, lie flat for most of the distance; the 

medial edges are separated by connective tissue. The parietal crest is 

separated from the otoparietal plate by the occipital groove. 

The parasphenoid is typically triradiate. The median ray extends 

forward to the palatines and is concave from above along its entire 

length. The same ray is widest at the midpoint, where it comes to lie 

beneath the sphenethmoid. The anterior tip ends in several styliform 

processes, which are suggested by furrows along the anterior fourth 

of the ray. The lateral rays of the parasphenoid increase in width but 

decrease in thickness toward the side where the bone supports the 

floor of the fossa fenestrae ovalis. 

Relationships of the trifurcate pterygoid bone have been discussed. 

It should be noted, however, that the pedicle invests the anterior por¬ 

tion of the processus pseudobasalis and abuts on the ventro-lateral edge 

of the prootic bone and on the anterior edge of the lateral ray of the 

parasphenoid. 

THE SEPTOMAXILLARY BONE 

The septomaxilla (intranasal of Gaupp (1896), narial of Wegner 

(1922), nasal of Bolkay (1919), and turbinal of Boulenger (1896)) 

appears first (Fig. 8A) as a thin lamina between the dorso-lateral 

surface of the thick crista intermedia and the cartilage alaris in front 

of the level of the cavum medium. The laminal region gradually be¬ 

comes thicker to the rear and serves as a roof for the cavum medium; 

in this region the bone lies between the lamina superius and the lam¬ 

ina inferius (Fig. 8B). The bone appears as three pieces in the region 

where the infundibulum first descends toward the cavum medium: a 

lateral piece with a concave outer surface in which sets an anterior 

portion of the glandula nasalis lateralis, a medial piece which invests 

the tip of the lamina superius, and a dorsal piece in the plica obliqua 

(Fig. 8C). The latter piece is merely an anteriorly-directed tip of a 
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dorsal process which arises from the anterior part of the bone. The 

portion in the plica soon joins the lateral piece so that only two septo- 

maxillary elements exist in the region where the infundibulum is first 

flexed laterally (Fig. 8D). After the cavum medium is invaded by the 

infundibulum, three limbs of the septomaxilla again appear: a dor¬ 

sal one set in connective tissue to partially close off the space between 

the incomplete planum terminale (which it invests) and the lamina 

inferius, a medial piece investing the tip of the lamina superius, and a 

ventral piece which lies on top of the lamina inferius and between the 

lamina and the cavum medium (Fig. 8E). The ventral piece appears 

to be the same as the independent piece of bone appearing on the 

lamina inferius as described and figured by Ramaswami (1936, p. 

1159, Fig. IE) for B, melanostictus. The lateral and ventral limbs 

soon become reduced in size and join each other to form a partition be¬ 

tween the medially-flexed part of the infundibulum and the newly- 

formed ductus nasolacrimalis. The fused piece is reduced in size so 

that the last remnant of it serves as a small wall between the planum 

and the lamina inferius. The infundibulum thus descends between the 

two bony limbs before the septomaxilla disappears from sections at 

the level of severance of the solum nasi and the crista subnasalis. 

An examination of a septomaxillary bone removed from a cleaned 

skull reveals more readily the general shape (Fig. 9). The bone has a 

relatively thick anterior element (ant. f.) set close to the upper margin 

of the maxilla, although removed from the latter by the intervening 

lamina inferius. The anterior part possesses a long, dorsal process (d. 

proc.), its length about equal to the width of the whole bone, which 

arises laterally from a broad, oblique base (w. b. d. proc.) situated at 

right angles to the main axis of the bone. The dorsal process narrows 

and exhibits torsion as it projects toward the front; the tip of this proc¬ 

ess is therefore more anterior than its base and is that part of the bone 

seen in the plica obliqua of transverse sections. The wideness of the 

base of the dorsal process provides a flange of bone directed posteriorly 

(lat. post, proc.); the latter flange represents that lateral part of the 

bone located in the region of the planum terminale and the ventral 

part which lies on the lamina inferius, as seen in sections. Mediad of 

the flange, the anterior element gives off a strong posterior process 

(med. post, proc.) which is seen in section to invest the lateral tip of the 

lamina superius. Thus, a cleft is formed between the posterior process 

and the flange of the base of the dorsal process; this cleft is occupied 

by the infundibulum. 
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With certain exceptions, the relationships of the septomaxilla to the 

nasal cartilages in-5. w. woodhousei conform to the condition found in 

Indian bufonids (melanostictus, parietalis^ hololius^ beddomii) studied 

by Ramaswami (1936) and in the African B. angusticeps (Schoonees, 

1930). However, Schoonees states that the septomaxillary bone dis¬ 

appears from sections in front of the planum terminale; this is cer¬ 

tainly not the case in woodhousei, where the bone is directly associated 

with the planum, a condition also reported for melanostictus and bed¬ 

domii by Ramaswami and for B. marinus by Lapage (1928). The 

latter author’s illustration (Fig. 6) of the bone in marinus, as drawn 

from a reconstruction, indicates two dorsal processes of subequal 

length and a crossing-over of the two posterior limbs. Such is not the 

case with the species reported here. 

The relationship of the septomaxilla to adjacent structures in the 

adult toad as reported here does not suggest the cartilaginous origin of 

this bone as proposed by Lapage (1928) for B, marinus and other 

anurans. 

THE ARTICULAR REGION 

At the level of the middle ear cavity, the cartilaginous processus 

quadratus (proc. quad.) is invested by the ventral style of the squa¬ 

mosal (laterally) and the posterior ray of the pterygoid (medially). 

Meckel’s cartilage lies below, invested ventrally by the angulosple- 

niale; the osseous quadratojugulare lies laterad of the lower jaw. The 

processus quadratus is invaded by the ossification of the quadratojugu¬ 

lare so that the two are fused. Evidence of lateral perichondral and 

enchondral ossification of the processus quadratus is apparent before 

the quadratojugulare fuses with it. Farther to the rear, the processus 

is invested laterally by the squamosal stylus and the quadratojugulare 

and medially by the ventro-posterior ray of the pterygoid; the lower 

jaw is closely applied to the ventral surface of the quadrate cartilage 

in this region. 

Posteriorly, the processus quadratus regains its cartilaginous con¬ 

dition for a short distance and then extends back after losing contact 

with the pterygoid and squamosal. The posterior tip of the quadrate 

cartilage is feebly calcified. Meckel’s cartilage extends farther to the 

rear. 

THE LOWER JAW 

The mentomeckelian bones (mento.) have caps of hyaline cartilage 

medially which, in turn, are separated one from the other by what ap- 
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pears to be procartilage. The latter point cannot be definitely estab¬ 

lished, since the technique of sectioning and staining did not allow for 

such details. 

The mentomeckelian surrounds the anterior tip of Meckel’s car¬ 

tilage dorsally, anteriorly, and ventrally (Fig. 30A). The protection 

offered by the mentomeckelian bones to the cartilage is feeble, since 

this association occurs only at the antero-medial tip of the cartilage. 

The dentary bone fdent.) is completely fused with the mentomeckel- 

lian so that the boundaries of the two bones cannot be distinguished. 

The dentary gradually narrows and terminates far forward of the ar¬ 

ticular region. The angulospleniale (ang. spL) commences as a pointed 

bone anteriorly, surrounded by dorsal and ventral extensions of Meck¬ 

el’s cartilage; thus, the angulospleniale is fixed in a cartilaginous 

pocket of cartilage (Fig. 30B). Posteriorly, the angulospleniale is set 

close to the medial side of the cartilage as a thin splint; this increases 

in thickness in later sections to invest the cartilage ventrally and medi¬ 

ally. At the level of the tympanum the angulospleniale possesses a 

medio-dorsal projection for muscle attachments (Fig. 20). The an¬ 

gulospleniale exists as a curved plate beneath the cartilage before it 

terminates in front of the articular region. 

SUMMARY 

1. The cavum medium first appears anterior to the cavum inferius. 

2. The frontoparietale of each side is not fused to the prootic bone. 

3. The septum nasi, solum nasi, and the supports for the olfactory 

eminence are intensely ossified. 

4. The otic capsule is intensely ossified. 

5. An unidentified ganglion of the glossopharyngeal lies above the 

operculum. 

6. The crista intermedia fuses to the upturned solum nasi just in 

front of the eminentia olfactoria. 

7. A palatal cartilage (Sedra’s intermaxillary cartilage) lies iso¬ 

lated between the two premaxillary bones. 

8. The cavum medium opens into the cavum inferius after receiv¬ 

ing the infundibulum. 

9. The supports of the eminentia olfactoria do not project anteri¬ 

orly as free pieces. 

10. Several small, unidentified, isolated cartilages appear in the 

sphenethmoid region. 

11. The plectral apparatus occupies a forward position, which 

makes possible the fusion of the pars ascendens plectri with the transi- 
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tional cartilage, located between the crista parotica and the processus 

pseudobasalis, and with the dorso-lateral edge of the latter. 

12. Three acustic foramina are present. 

13. The tectum synoticum shows areas of incomplete calcification 

and ossification. 

14. The cartilage prootico-occipitalis is evident in the partition be¬ 

tween the cavum cranii and the inner ear cavity. 

15. The prootic and exoccipital bones are completely fused except 

at the medial boundary marked by the cartilage prootico-occipitalis 

and in the region of the calcified epiotic eminence. 

16. The adult toad offers no evidence that the septomaxilla is a 

cartilage bone. 

17. An otic element is not recognized in pre- and postmetamorphic 

specimens. For this reason the definitive squamosal is considered 

simple. 

18. The M. depressor mandibulae has its origin from the crista 

parotica only. 
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EXPLANATION OF ABBREVIATIONS WITH NUMBER 

OF FIGURE IN WHICH EACH FIRST APPEARS 

A. CAR. CRB. 

A. OCC. 

AN. T. 

ANG. SPL. 

ANT. C. EM. OLF. 

ANT. F. 

ANT. P. CR. SUB. 

ANT. PRO. 

ANT. PROC. OP. 

BR. 

C. AL. 

C. EM. OLF. 

C. OBL. 

C. P. INF. 

C. P. SUP. 

C. PRO. OCC. 

C. SCL. 

arteria carotis cerebralis (19). 

arteria occipitalis (19). 

annulus tympanicus (20). 

angulospleniale (20). 

anterior edge of cartilaginous support of emi- 

nentia olfactoria (5). 

anterior face (of septomaxilla) (9). 

anterior process of crista subnasalis (3). 

anterior part of prootic (19). 

anterior process of operculum (24). 

brain (16). 

cartilage alaris (1). 

cartilaginous support of eminentia olfactoria 

(10). 
cartilage obliqua (3). 

cartilage prenasalis inferior (1). 

cartilage prenasalis superior (1). 

cartilage prootico-occipitalis (24). 

cartilaginous sclera (15). 
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C. T. B. F. OP. 

C. T. R. F. MAG. 

^ C. W. NEURO. 

CAN. CR. 

CAV. INF. 

CAV. MED. 

CAV. O. 

CAV. P. 

CH. 

CORN. PRINC. 

CR. INT. 

CR. PAR. 

CR. SUB. 

D. NAS. 

D. PROC. 

DENT. 

E. T. 

EPI. EM. 

EXOCC. 

F. ACUS. ANT. 

F. ACUS. MED. 

F. JUG. 

F. OC. 

F. P. S. 

F. PRO. 

FEN. FRONT. 

FEN. PAR. 

FL. NEURO. 

FOS. FEN. OV. 

FRONT. 

G. PRO. COM. 

G. “X” 

GL. IMX. 

GL. NAS. LAT. 

GL. NAS. MED. 

I. R. C. 

INF. 

INT. ORB. CR. 

L. I. E. 

L. INF. 

L. SPMX. PL. OBL. 

L. SUP. 

LAM. PERP. 

LAT. L. SPMX. 

LAT. POST. PROC. 

M. DP. MD. 

M. E. 

MAX. 

connective tissue at posterior border of foramen 

opticum (19). 

connective tissue roof of foramen magnum (28). 

cartilaginous wall of neurocranium (18). 

canthal crest (11). 

cavum inferius (8). 

cavum medium (3), 

cavum oris (20). 

cavum principale (2). 

choana (11). 

cornu principalis (of hyale) (23). 

crista intermedia (3). 

crista parotica (21). 

crista subnasalis (4). 

ductus nasolacrimalis (4). 

dorsal process (9). 

dentale (30). 

Eustachian tube (22). 

epiotic eminence (25). 

exoccipitale (25). 

foramen acusticum anterior (24). 

foramen acusticum medium (25). 

foramen jugulare (28). 

foramen oculomotorium (21). 

foramen perilymphaticum superius (27). 

foramen prooticum (22). 

fenestra frontale (17). 

fenestra parietalis (21). 

floor of neurocranium (19). 

fossa fenestrae ovalis (23). 

frontoparietale (15). 

ganglion prooticum commune (22). 

unidentified ganglion of the glossopharyngeal 

(26). 

glandula intermaxillaris (1). 

glandula nasalis lateralis (3). 

glandula nasalis medialis (3). 

isolated rods of cartilage (8B). 

infundibulum (3). 

interorbital crest (16). 

labyrinth of inner ear (22). 

lamina inferior (3). 

limb of septomaxilla in plica obliqua (8). 

lamina superior (3). 

lamina perpendicularis (17). 

lateral limb of septomaxilla (8). 

lateral posterior process (9). 

musculus depressor mandibulae (24). 

middle ear (22). 

maxilla (3). 
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MC. C. 

MED. L. SPMX. 

MED. POST. PROG. 

MENTO. 

N. GLOSS. 

N. OCUL. 

N. TROCH. 

N. VAG. 

NAS. 

OCC. GR. 

OP. 

P. ASC. PL. 

P. EXT. PL. 

P. FAC. 

P. INT. PL. 

P. MED. PL. 

P. PAL. 

PAL. 

PAR. CR. 

PLA. ANT. 

PLA. TER. 

PMX. 

POST. ORB. CR. MED. FRONT. 

POST. ORB. CR. OTO. FRONT. 

POST. ORB. CR. TEMP. SQUA. 

POST. S. OTO. P. 

PREV. 

PRO. 

PROC. LING. 

PROC. MAX. ANT. 

PROC. MAX. POST. 

PROC. NAS. 

PROC. OT. 

PROC. PSDBAS. 

PROC. PTER. 

PROC. QUAD. 

PRSPH. 

PTER. 

QJ. 
R. 

R. ACUS. ANT. 

R. ACUS. MED. 

R. COM. 

R. EXT. N. 

R. HY. 

R. MAX.-MND. 

R. MED. N. 

Meckel’s cartilage (26). 

medial limb of septomaxilla (8). 

medial posterior process (9). 

mentomeckelian (30). 

nervus glossopharyngeus (23). 

nervus oculomotorius (21). 

nervus trochleare (18). 

nervus vagus (27). 

nasale (2). 

occipital groove (20). 

operculum (25). 

pars ascendens plectri (22). 

pars externa plectri (22). 

pars facialis (11). 

pars interna plectri (23). 

pars media plectri (22). 

pars palatina (4). 

palatine (14). 

parietal crest (21). 

planum antorbitale (11). 

planum terminale (4). 

premaxilla (1). 

post-orbital crest of medial portion of frontopar- 

ietale (19). 

post-orbital crest of otoparietal plate of fronto- 

parietale (19). 

post-orbital crest of temporal plate of squamosal 

(19). 

posterior spur of otoparietal plate (22). 

prevomer (G). 

prootic (21). 

processus lingularis (16). 

processus maxillaris anterius (11). 

processus maxillaris posterius (15). 

processus nasalis (11). 

processus oticus (21). 

processus pseudobasalis (21). 

processus pterygoideus (20). 

processus quadratus (22). 

parasphenoid (16). 

pterygoid (20). 

quadratojugulare (20). 

Rachendriise (10). 

ramus acusticus anterior (24). 

ramus acusticus medius (25). 

ramus communicans of IX (23). 

ramus externus narium (1). 

ramus hyomandibularis of VII (23). 

ramus maxillo-mandibularis (22). 

ramus medialis narium (10). 
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R. OPHTH. 

R. SUP. 

REC. LAT. 

REG. LAT. CAV. INF. 

REC. MED. 

REC. MED. CAV. INF. 

S. EM. OLF. 

SEPT. NAS. 

SOL. NAS. 

SPH. 

SPMX. 

SQUA. 

T. T. MAR. 

T. T. MED. 

T. T. TRA. 

TECT. NAS. 

TECT. SYN. 

TR. Z. CR. INT. SOL. NAS. 

TR. Z. CR. SUB. SOL. NAS. 

TR. Z. L. INF. SOL. NAS. 

TR. Z. PEA. ANT. PROC. 

MAX. ANT. 

TR. Z. PEA. ANT. SOL. NAS. 

TR. C. 

V. C. L. 

V. L. L. OT. C. 

V. ST. SQUA. 

W. B. D. PROC. 

ramus ophthalmicus of V (19). 

ramus superior of III (19). 

recessus lateralis (6). 

recessus lateralis of cavum inferius (3). 

recessus medius (6). 

recessus medius of cavum inferius (3). 

support of eminentia olfactoria (11). 

septum nasi (1) 

solum nasi (3) 

sphenethmoid (15). 

septomaxilla (3). 

squamosal (20). 

taenia tecti marginalis (17). 

taenia tecti medialis (21). 

taenia tecti transversalis (19). 

tectum nasi (2). 

tectum synoticum (23). 

transition zone of crista intermedia and solum 

nasi (5). 

transition zone of crista subnasalis and solum 

nasi (4). 

transition zone of lamina inferior and solum 

nasi (8). 

transition zone of planum antorbitale and pro¬ 

cessus maxillaris anterius (14). 

transition zone of planum antorbitale and solum 

nasi (14). 

transitional cartilage (21). 

vena capitis lateralis (23). 

ventro-lateral ledge of otic capsule (23). 

ventral stylus of squamosal (21). 

wide base of dorsal process (of septomaxilla) 

(9). 



Species Discrimination in Two Sympatric 

Lizards, Sceloporus olivaceus and S. poinsetti 

by WILLIAM F. PYBURN 

The University of Texas 

INTRODUCTION 

Little is known about the kinds and degrees of isolation which pre¬ 

sumably exist between related species of lizards. Evidence that iso¬ 

lating mechanisms do exist, acting to restrict or prevent gene exchange 

between sympatric populations, is based in large part upon mor¬ 

phological discontinuity. Sexual isolation, as indicated by the ability 

of one species to discriminate between the opposite sex of its own and 

related species, may be of considerable importance in restricting such 

gene exchange. The experiment described below was conducted in 

order to determine the possibility of species discrimination between 

Sceloporus olivaceus and S. poinsetti under laboratory conditions. 

Although these two species are sympatric over a large area in Texas, 

the degree of ecological isolation appears to be rather strong. Sceloporus 

poinsetti shows a decided preference for boulders and rocky bluffs, 

while S. olivaceus is mainly arboreal. The two species are easily dis¬ 

tinguished from each other by the presence of a dark neck band in 

poinsetti. They are placed in different species groups by Smith (1946). 

Sceloporus olivaceus is oviparous, while S. poinsetti is ovoviviparous. 

The S. olivaceus used in this experiment were taken in Austin, 

Travis County, Texas. The poinsetti were captured 22 miles north of 

Fredericksburg, Llano County, Texas. All were sexually mature adults 

■of very nearly the same size. 

METHOD 

The method used to test the possibility of species discrimination was 

patterned after that of Blair and Howard (1944). A male and female 

of each species were introduced into a four-compartmented cage con¬ 

structed of 1/^/^ hardware cloth (Figure 1). The compartments were 

of equal size and were connected by staggered openings. The floor of 

the cage was covered with small pieces of willow bark and the cage 

was placed on a table approximately three feet above the floor in a well 

lighted room. 

312 
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The lizards were allowed approximately 24 hours to become ad¬ 

justed to the cage. Observations were begun on March 23rd, 1954 and 

were made at irregular intervals between March 23rd and May 15th. 

The experiment was terminated on the latter date since the female 

poinsetti appeared to be gravid. Eleven days later she gave birth to five 

young. 

Fig. I. Diagram (not to scale) of the four-compartmented cage used to test for species 

discrimination. 

A second series of observations was begun on September 16th, using 

the same pair of poinsetti, but with a different pair of olivaceus. These 

observations were concluded on December 31st, 1954, at which time 

the female poinsetti had begun to refuse food. 

One hundred and twenty-eight observations were recorded in the 

first series and 80 in the second series. The usual practice was to allow 

at least one hour to elapse between observations or after feedings. 

The fifteen possible combinations of lizards in the experimental 

cage are indicated in Table I. Pairing of a male and female of the same 

species in one compartment, to the exclusion of the other species, is 

taken as evidence for species discrimination. Cross-pairing is con¬ 

sidered evidence against species discrimination. 

The chi-square test is used to estimate the significance of deviations 

from the expected frequencies. Deviations from the expected are con¬ 

sidered significant if the chi-square values exceed 3.841, which marks 
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the 5% level of probability, and highly significant if the chi-square 

values exceed 6.635, which marks the 1% level. Critical comparisons 

are made only between combinations of equal probability of occur¬ 

rence. 

DISCUSSION 

Because of the low expected frequencies of each of the combinations 

in the separate experiments, the two series of observed frequencies 

have been combined (Table I, column 4). The chi-square value for 

each of the combinations is shown in Column 6. It will be seen that the 

distribution of lizards in the four compartments was not random. 

Furthermore, if the combinations in which a male and female of the 

same species are paired (Table I, first three rows) are compared with 

combinations in which the two species are cross-paired (Table I, last 

three rows), the difference is highly significant (chi-square = 14.48). 

The paired combinations were observed 72 times, whereas the cross- 

paired combinations were observed a total of only 33 times. On the 

basis of chance, these would be expected to occur with equal frequency. 

TABLE I 

Observed and expected frequencies of the fifteen possible combinations in the 

experimental cage. 

Combinations 

Observed Observed Observed 

I 11 (Totals) Expected Chi-square 

Double pairs 17 8 25 9.78 23.67 

Male p. with female p. 9 10 19 19.55 .015 

Male 0. with female o. 21 7 28 19.55 3.65 

Female p. out 4 6 10 9.78 .005 

Female o. out 2 4 6 9.78 .15 

Male p. out 14 5 19 9.78 8.69 

Male 0. out 2 6 8 9.78 .32 

None together 6 3 9 19.55 5.69 

Males together 18 6 24 19.55 1.01 

Females together 8 9 17 19.55 .33 

All together 3 2 5 3.33 .84 

Males together, 

females together 4 1 5 9.78 2.34 

Male p. with female o. 11 8 19 19.55 .015 

Male 0. with female p. 7 5 12 19.55 2.91 

Double cross-pairs 2 0 2 9.78 6.19 

Totals 128 80 208 208.64 
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In so far as each combination is concerned, double pairing (Table I, 

row 1) occurred more often than could be expected by chance. The 

occupation of a separate compartment by each lizard (row 8) and the 

instances in which both species were cross-paired (row 15) occurred 

significantly fewer times than would be expected by chance. These 

observations tend to indicate that the lizards did discriminate between 

each ether, preferring to share a compartment with a member of their 

own species. 

The exclusion of the male poinsetti while the other three lizards 

shared a compartment (Table I, row 6) was of very significantly fre¬ 

quent occurrence, due mainly to the 14 times that this combination 

was observed in the first experiment. Behavior of this kind might have 

resulted from the male olivaceus dominating the male poinsetti and 

preventing the latter from associating with the females. This evidence, 

therefore, might indicate lack of discrimination on the part of the 

female poinsetti or the male olivaceus, or both. It seems probable, how¬ 

ever, that this behavior was due to some extent to the fact that the 

female poinsetti was gravid throughout most or all of the first experi¬ 

ment. Her association with the male and female S. olivaceus may at 

times have been an attempt to avoid the male poinsetti. 

SUMMARY 

Two sympatric species of lizards, Sceloporus olivaceus and 5’. poin¬ 

setti, were tested in a four-compartmented cage for evidence of species 

discrimination. The distribution of lizards in the four compartments 

was found not to be due to chance pairing among the two species. Two 

combinations occurred significantly more often than the expected 

frequencies. These were the combination in which both species were 

paired and each in a separate compartment, and the combination in 

which the male S. poinsetti was in one compartment while the other 

three lizards shared a compartment. Two combinations occurred sig¬ 

nificantly less often than would have been expected by chance. These 

were the occupation of a separate compartment by each lizard and the 

combination in which each species was cross-paired. 
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A Summer Study of the Biology and 

Ecology of East Bay, Texas^ 

Part 1. Introduction, Description of Area, Methods, Some Aspects of 

the Fish Community, the Invertebrate Fauna. 

by GEORGE K. REID, JR.2 

THE GULF coastline of the mainland of Texas is a broad arc of nearly 

one thousand miles, reaching from Latitude 26° N., Longitude 97° 

10' W., to Latitude 29° 40' N., Longitude 93° 50' W. Throughout its 

much embayed length this coastline passes through a variety of cli¬ 

matic and environmental conditions, ranging from the semi-arid 

region (25 inches or less of precipitation) of the southern limits to the 

humid climate (55 inches or more) of eastern Texas. 

Certain regions of the coast have been investigated rather inten¬ 

sively. These areas are near the southern limit of the Texas coastline 

in the vicinity of Rockport, Port Aransas, and Laguna Madre, in the 

dry or sub-humid region {vid. Publications of the Institute of Marine 

Science). 

The embayments and beaches of the eastern portion of the Texas 

coast have received scant attention. The present report on East Bay 

is presented as a contribution toward a more comprehensive knowledge 

of the fauna and dynamics of the Northern Gulf coast. The East Bay 

investigation is a project of the Texas Game and Fish Commission, 

designed to study the effects of the cutting of a fish pass through Boli¬ 

var Peninsula to the Gulf. The present study made prior to the cutting 

can be used as a basis for comparison with a similar investigation sub¬ 

sequent to the cutting of the channel and the joining of bay and Gulf. 

The objectives of the study were to determine the major components 

of the community, some of the general aspects of the population struc¬ 

ture, something of the ecological relationships existing in the summer 

population, and to obtain data on the physical and chemical charac¬ 

teristics of the environment. 

Preliminary work on the East Bay investigation was begun on June 

^ A contribution from The Marine Laboratory, Texas Game and Fish Commis¬ 

sion, Rockport, Texas. 

2 Present address: Department of Wildlife Management, Agricultural and Me¬ 

chanical College of Texas, College Station, Texas. 
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1, 1954, and on June 9, the author, assisted by D. R. Collins and N. F. 

Westmoreland, students in the Department of Wildlife Management 

at the Agricultural and Mechanical College of Texas and employed 

by the Texas Game and Fish Commission, began an intensive pro¬ 

gram which continued through July 9, 1954, with headquarters at 

Gilchrist, Texas. Upon completion of the field work, analyses of the 

data and preparation of this paper were accomplished at the Marine 

Laboratory of the Texas Game and Fish Commission at Rockport. 

Acknowledgments of gratitude are accorded to Mr. Cecil Reid, 

Chief Marine Biologist, Texas Game and Fish Commission, and to his 

staff of the Marine Laboratory for their cooperation, particularly to 

Miss Patricia Pew for preparation of the figures. Mr. “Buddy” Lins- 

comb, and Game Warden G. B. Killibrew of High Island, and Mr. 

Charles Faggard and Mr. Hugo Schultz of Gilchrist, gave much valu¬ 

able assistance during the course of the field work. 

For criticisms of the manuscript, I am indebted to Dr. Keith L. 

Dixon, Department of Wildlife Management, A. and M. College, Dr. 

Gordon Gunter, Institute of Marine Science, University of Texas, Mr. 

Cecil Reid, Marine Laboratory, and to my wife Eugenie C. Reid. 

East Bay 

LOCATION 

East Bay is a shallow body of water lying within the geographic 

boundaries of Galveston County, Texas. The bay is elongate and its 

lengthwise axis lies northeast-southwest. At the southwest end. East 

Bay joins Galveston Bay, from which it is rather effectively separated, 

however, by a series of sand and shell (oyster) reefs in the form of a 

shallow “S.” These reefs are collectively named Hanna Reef and ex¬ 

tend almost completely across the lower portion of East Bay in a 

northwest-southeast direction. Hanna Reef doubtless exerts consider¬ 

able influence on the tidal characteristics, fauna, and hydrography of 

East Bay. 

The length of East Bay, from the vicinity of the upper end of Hanna 

Reef near Smith Point (Figure 1) to the narrowed head near Gilchrist, 

is approximately twenty miles. The rather irregular emargination of 

the south shore of East Bay causes widths of various distances; in the 

vicinity of Hanna Reef the width of the bay is nearly five miles. 

The bay proper is separated from the Gulf by Bolivar Peninsula, a 

slender finger of land the width of which averages approximately two 

miles along its nearly 23 miles of length (Figure 1). 
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Fig. I. Map of East Bay, Texas, and vicinity. 

DRAINAGE AND THE MARSH 

East Bay receives water from numerous small bayous, two or three 

larger bayous, and the Intracoastal Waterway. No major stream con¬ 

tributes to the bay. The greatest inflow of fresh water is through Oyster 

Bayou which flows from the north into the upper end of East Bay, 

Robinson Bayou which drains a portion of the marsh along the north¬ 

ern shore of the bay, and a drainage canal from one of several fresh¬ 

water lakes located in the north shore marsh and lying close to the 

shore of East Bay. The flow in the drainage canal was not determined. 

Much of the water carried by Oyster Bayou is drainage from the ex¬ 

tensive agricultural areas where considerable rice farming is carried 

on to the north of the bay. The channel of Oyster Bayou is being en¬ 

larged at present and its contribution to East Bay is doubtless greater 

than under earlier natural conditions. 

The Intracoastal Waterway, although occupying an artificial cut 

throughout most of its course through Bolivar Peninsula, passes 

through East Bay in several places along the southern shore. At the 

northeast end of the bay the waterway utilizes portions of East Bay 

Bayou which formerly was a major contributor to the bay. The extent 
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to which the dredging of the waterway channel has influenced the 

flow in East Bay Bayou is not known. 

Extensive, rather typical, coastal salt marshes surround East Bay 

on all sides except where the bay joins Galveston Bay. A thin veneer 

of surface sand is underlain by a stratum of clam shells (Rangia) 

thickly conglomerated in loose mud or sand. This Rangia formation is 

about one foot deep and was observed in vertical sections of the marsh 

shores on all sides of the bay. A black to grey mud extends below the 

Rangia layer. 

BOTTOM COMPOSITION AND CONFIGURATION 

As indicated above, nearly the entire bottom of East Bay consists of 

a layer of fine, grey-black mud. The thickness and consistency of the 

mud bottom varies, of course, over the extent of the bay. In the upper 

end of the bay, where the effects of tidal scouring are exerted to a 

lesser extent and where inflow from the larger bayous is greatest, the 

bottom is soft and the mud is darker in color. In this portion of the bay 

the mud layer is from two to three feet deep midway between shores. 

Towards the lower end of the bay the mud layer becomes shallower, 

and near the north side the bottom is rather compact with considerable 

shell content. For varying distances on the East Bay side of Hanna 

Reef the bottom consists of almost pure sand and shell and is quite 

solid. Similarly, portions of the bottom along the southern shore-zone 

are rather hard-packed sandy mud with shell. 

The bottom of East Bay appeared to be completely devoid of rooted 

plant growth. Scattered patches of the emergent grass, Spartina al- 

terniflora, were located in the shallow water near the marsh edge. 

East Bay is a shallow bay with gently, uniformly sloping bottom 

configuration throughout most of the bay. The deepest portion is near 

Hanna Reef at the lower end of the bay. Although the United States 

Coast and Geodetic charts for the area show maximum depths of seven 

feet at mean (annual) low tide, soundings taken during the present 

study indicated depths of twelve or more feet during summer low tides 

in areas just east and north of Hanna Reef. Over most of the middle 

and upper bay the depths ranged near six or seven feet midway be¬ 

tween the north and south shores. Figure 2 depicts the general nature 

of the bottom. 

TIDES AND CURRENTS 

The diurnal tide range in East Bay during June and early July ap¬ 

peared rather slight (1.2 feet according to Tide Tables, East Coast 
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North and South America, U. S. Department of Commerce, Coast and 

Geodetic Survey. Mean range from same source is 0.9 feet). However, 

local conditions exert considerable influence. It was observed that con¬ 

tinuous winds over a period of several days would somewhat affect the 

scheduled time and height of tides. 

The absence of pronounced tides and strong tidal action is indicated 

by the considerable sedimentation which has occurred within the major 

portion of the bay. According to local inhabitants, the filling in of the 

bay and the cove at Gilchrist has been rapid; the cove, according to 

some local sources, has reached its present condition during the past 

15 to 20 years. It is in this area that much dredging of the Intracoastal 

Waterway has been carried on and such operations have certainly 

contributed to the deposition of mud. 

More pronounced tidal action was apparent in the vicinity of the 

southern end of Hanna Reef. The flow and ebb seemed to be stronger, 

as evidenced by the absence of mud on the bottom and the general pat¬ 

tern of isohalines (Figure 2). Local natural currents were not appar¬ 

ent. One possibility of local disturbance exists in the portions of the 

bay traversed by the Intracoastal Waterway. Shipping traffic, mostly 

large barges and tugs, is relatively heavy. Most of the larger vessels 

and barges draw more water when loaded and create a large amount of 

wash. It was observed that water in boat slips would be displaced six 

inches or more by the passing of barges one-quarter of a mile from the 

head of the slip. This traffic and the resultant washing and erosion of 

the marsh shores contributes to the observed high turbidity of the 

water and the deposition of mud. 

In view of the area of the bay and its relative shallowness, wave 

action exerts considerable influence on the environment. Wind-created 

waves of from fair to great amplitude are frequent and these contribute 

to mixing of the water, erosion of the marsh shores, and disturbance 

of the bottom. 

SALINITY 

Water samples from which salinity determinations were made by 

the Mohr titration method were taken from nine stations in East Bay 

and one station in the Gulf at Gilchrist. Additional salinity samples 

were taken as collections were made (Figure 2). A total of 49 samples 

was taken during the six weeks of investigation. Only the surface 

salinity was considered. 

The salinity pattern of East Bay is one of increasing gradient from 

the near-fresh water of the upper limits of the bay to a higher salinity 
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Fig. 2. Summer Physiographic and Hydrographic Data for East Bay, Above: Generalized 

Representation of Bottom Composition. Middle: Salinity Data. The isohalines are based on 

averages of several surface salinity determinations (in circles) and on single determinations 

made during the investigation. Salinities are expressed in parts per thousand. Below: 

Surface Temperature Data. The isotherms are derived from data taken on June 28, 1954. 

Average temperatures at various stations are shown in circles. Temperatures are expressed 

in degrees Centigrade. 

! 
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in the lower reaches where East Bay joins Galveston Bay. The extreme 

northeast end of the bay receives discharge from Oyster Bayou and 

East Bay Bayou-Intracoastal Waterway. The salinity of Oyster Bayou 

approximately one mile from its mouth ranged near 2.0%^ while nearly 

seven miles upstream the salinity was 0.7%c. The salinity of East Bay 

Bayou-Intracoastal Waterway three miles northeast of the head of 

bay was near 3.0%c. The average salinity in the upper end of the bay 

was 5.2%^. From this area of lowest salinity a gradual increase to an 

average salinity of 17.5%<9 at Hanna Reef was observed. As indicated 

in Figure 2, however, the isohalines did not appear to be arranged 

cross-wise the bay but rather diagonally. As mentioned previously, 

there were indications that a relatively strong tidal effect was exerted 

northeastwardly near the lower end of Hanna Reef, possibly between 

the end of Hanna Reef and the peninsula. It was also found that 

higher salinities generally existed along the southern part of the bay. 

The influence of the Intracoastal Waterway on the salinity ex¬ 

change in the bay deserves further study. In the waterway west of 

Gilchrist the salinity ranged near 14.0%<9, and it appears that the 

waterway may be responsible for the increased salinity in the cove 

near Gilchrist. As indicated in Figure 2, the average salinity in the 

cove ranged from 12.8 to 14.7%^ as compared with 10.7%^ in the bay 

proper a short distance northwest of the cove. 

There was some evidence of the shifting of the salinity gradient. 

Determinations made at the same station on successive high and low 

tide stages showed a decrease of over 2%^- Collier and Hedgpeth (1950; 

151) described a similar occurrence for Copano Bay, Texas, and stated 

that the salinity gradient steepens during rising tides and that the 

lower salinities are backed up to the upper end of the bay. 

Little can be concluded concerning the effects of precipitation on 

the bay salinity, since during the period of investigation there was no 

rain in the immediate vicinity. However, in view of the extensive 

marsh surrounding the major portion of the bay and serving as a 

catch basin, the salinity of the bay is certainly influenced to a great 

extent by precipitation. The degree to which the bay waters are in¬ 

fluenced by rainfall is probably dependent upon prevailing winds and 

strength and height of tides, although the hydrographic dynamics may 

be reduced in a partially enclosed body such as East Bay. Indeed, Col¬ 

lier and Hedgpeth {op. cit., 148), in discussing the hydrography of 

Aransas Bay and its connecting Copano Bay, have pointed out that Co¬ 

pano Bay is not subjected to the same hydrographic processes as Aran- 
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sas Bay, and that the closed basin of Copano Bay should be considered 

as a separate system. 

The average salinity range at Galveston has been reported to be 

from 19.5 to 30.0%^ (Collier and Hedgpeth (op. cit., 140). The highest 

salinity (19.2%^) found in East Bay proper during the investigation 

was below the low average for Galveston Bay. This difference presents 

additional evidence for treating East Bay as having a more or less 

distinct economy. 

As a matter of record, it might be noted that an oil drilling derrick 

was located nearly in the center of East Bay, It was reported that the 

drilling had struck only salt water. To what extent the reports were ac¬ 

curate and, if so, how much salt water was introduced into the bay, 

were not ascertained. The derrick was removed during early July. 

pH 

The pH of a series of water samples was determined as additional 

data on the hydrography of the area and as a possible indication of 

pollution. The waters of East Bay were found to be circum-neutral 

(pH:6.9-7.8). The pH of the Gulf during the same period was 8.0. 

Studies by Mr. Rudy Marek, Jr., staff chemist of the Marine Labora¬ 

tory of the Texas Game and Fish Commission, have shown polluted 

waters to range as low as pH 3 and as high as pH 11, depending upon 

the nature of the pollutant. Thus it appears that East Bay is free from 

chemical pollution. 

TEMPERATURE 

Surface temperatures were determined by reading a glass tube ther¬ 

mometer as it was held in a bucket of freshly taken water. Forty read¬ 

ings were obtained at nine regular stations and also as collections were 

made. 

As is to be expected in a shallow body of water, the surface tempera¬ 

ture of East Bay waters varied little from air temperatures. In most 

instances the difference between air and water surface temperatures 

amounted to not more than 1.5° C. It was observed that the surface 

temperature was considerably influenced during the day by the degree 

of cloudiness and wind and waves. 

During the period from June 1 to July 9, the range of surface tem¬ 

peratures (all made between the hours of 0700 and 1800) was from 

27.5 to 33.0° C., with a mean of 30.5° C. Atmospheric temperatures 

during the same time ranged from 28.5° C. to 34.0° C. with a mean of 

30.6° C. 
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On two occasions a number of temperature readings were obtained 

in order to determine a pattern of isotherms if such existed. One of the 

series revealed a fairly uniform surface temperature (28.5° C.-30.0° 

C.), while the other indicated the isotherms presented in Figure 2. 

Such a temperature pattern would obviously be valid only under the 

time and atmospheric conditions existing. The position of the iso¬ 

therms indicate cooler water along the south shore of the bay. 

TURBIDITY 

During the period of investigation the waters of East Bay were gen¬ 

erally highly turbid throughout most of the region. The area of clear¬ 

est water was found in the vicinity of Hanna Reef. The position of the 

reef in respect to the direction of the southerly winds which prevailed 

during the study would tend to inhibit wave action and its mixing ef¬ 

fect. This, together with the depth and generally sandy shell nature of 

the bottom in the area, would account for the low turbidity. 

The turbidity of the bay waters was determined by means of a 

Secchi disc lowered into the water. The readings for the bay generally 

averaged near 50 cm. The highest turbidity recorded was in the east 

end of the bay where the Secchi disc disappeared at 31 cm. As indi¬ 

cated above, the least turbid water was near Hanna Reef and along the 

south shore near Hanna Reef where Secchi disc readings of from 60 to 

70 cm. were recorded. Gross examinations of the water revealed con¬ 

siderable amounts of finely suspended silt and organic detritus. 

PLANKTON 

Plankton samples were obtained by towing a cone net behind the j 
boat for ten minutes. Although numerous tows were made, only a very | 

few were sufficiently free of ctenophores and small medusoid jelly- i 

fishes to give a near accurate indication of the plankton abundance. j 
The zooplankton content of the bay waters appeared to be ample, ! 

if not rich, during June and early July, Copepods were most abundant I 

and their numbers exceeded by far all other organisms in the samples ! 

obtained. Small shrimps and other crustaceans and larval fishes (An- 

choa, Menidia) were frequent in the samples, Argulid copepods were 

found in one sample. 

Further indication of the abundance of plankton is to be gained from 

the presence in the bay of great numbers of fishes which are primarily j 

plankton consumers. The young of the croaker, Micropogon undulatus, I 

sand trout, Cynoscion arenarius, and the spot, Leiostomus xanthurus, j 

were numerous and in their early developmental stages subsist almost i 
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wholly on plankton. The bay also supported large populations of men¬ 

haden, Brevoortia patronus, and anchovy, Anchoa mitchilli diaphana, 

which are plankton feeders as adults. Hedgpeth (1953: 152) has di¬ 

rected attention to the lack of phytoplankton in the waters of Texas 

bays. East Bay proved to be no exception as gross examinations of the 

water indicated a dearth of microscopic plants. 

EQUIPMENT, METHODS, AND PRESENTATION OF DATA 

In view of the multiplicity of niches available for occupancy by the 

animals in East Bay, the problem of adequate collecting is apparent. In 

an attempt to obtain as complete and valid samples of the various 

organisms as possible, a variety of gear was used. Hydrographic deter¬ 

minations involved additional equipment and processes. 

A standard otter trawl with a 10-foot opening was used for much of 

the open water collecting. The “doors” or otter boards which serve to 

open the bag-like net were 10 x24 inches in size. The wings of the 

trawl net were of netting with a mesh size of seven-eighths inch on the 

side or one and three-quarters inch stretched measure. The wings fun¬ 

nel the catch into a cod end or bag which trails behind the boards. The 

cod end was made of heavy twine with a mesh size of one-half inch on 

the side or one inch stretched. In order to determine the smallest fishes, 

an inner liner was inserted inside the cod end. The mesh of this liner 

measured three-sixteenths inch on the side or three-eighths inch 

stretched. Sixteen regular trawl collections were made using the liner, 

after which it was removed and sixteen regular collections were made 

at the same stations utilizing the standard mesh of the cod end. In all, 

37 trawd collections were made, although throughout the text of the 

report the quantitative data were taken only from 32 “regular” 

collections. 

The trawl was pulled behind a twenty-eight foot, dual-engine cabin 

cruiser. Tows were made in both straight lines and in circles and, when 

using the liner, were timed to be ten-minute duration each. When 

using the standard cod end the tow dragged approximately one mile. 

Upon completion of a tow the trawl was hauled in by hand and the 

contents emptied in a tub. The specimens were sorted and counted by 

species. Where large numbers of a species were caught a random sam¬ 

ple of each was measured; where small numbers were taken all speci¬ 

mens were measured. Many specimens were preserved for future 

study. 

For collecting in shallow water and near shore a one hundred-foot 

minnow seine was most frequently employed. This net had a mesh 
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size of three-eighths inch on the side or three-quarter inch stretched 

measure. Although many slender, small fishes escaped through the 

mesh and some difficulty was experienced in lifting the net onto the 

rather steep shore line in places, large numbers were caught and the 

quantitative evaluations based on seine collections are believed valid. 

The seining technique generally employed both in the bay and in 

the surf was to wade out to a depth of approximately four feet carrying 

the seine. The seine was then stretched out parallel to the shore and 

pulled straight in. 

In the bay, the practice was to make one or more seine hauls in a 

given area and then term these hauls a collection. This was done in 

order to sample more completely the area and to keep computations at 

a minimum. Forty-three seine hauls making up 18 collections were 

made. In 14 of the collections all of the specimens were counted and 

samples measured. Four of the seine collections were mostly qualita¬ 

tive in nature, and only certain species were counted. Therefore, in 

presenting the numbers of individuals in the text of this report, the 

number of seine collections will not be consistent; the numbers of in¬ 

dividuals of a species will be taken from the number of collections 

which contained that species and in which its numbers were counted. 

Shallow water collecting was also accomplished by the use of a 

twenty-foot bag seine, the mesh of which was one-fourth inch on the 

side or one-half inch stretched measure. A fine-meshed net suspended 

from a rectangular wooden frame, pushed lawn-mower fashion and 

termed a push net, was also used. 

Six collections near shore were made with a 1200-foot trammel net. 

It was anticipated that the trammel net catch would more accurately 

depict the kinds and numbers of larger fishes in the bay. The actual 

results of six “sets” were not overly revealing. Consequently, contin- i 

ued use was limited, especially in view of the time involved. Two meth- i 

ods of “setting” the net were employed. One method consisted of sim- i 

ply playing the net out of a skiff parallel to the shore and then creating | 

a disturbance to cause the fish to swim into the net. Three sets using j 

this method were made. The other three sets were made by “cork- i 

screwing” the net. This technique involves playing the net out in a I 

circle, leaving the end in the skiff. One man continues to pull the ! 

leading end of the net around at the same time decreasing the diameter j 
of the circle while helpers feed the other end into the boat. j 

A few larval and immature fishes were caught in the plankton net 

and some collecting was done by hook and line. The latter method was 

not efficient in terms of catch and time. 
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Except for the very largest specimens, all the fish were measured on 

a measuring board and the standard lengths recorded in millimeters. 

Thus, unless otherwise stated, all lengths referred to in the report 

are expressed as standard lengths. Weights of some of the larger speci¬ 

mens were taken in ounces and converted to grams for presentation in 

the report. 

Hydrographic data consisting of temperature, salinity, pH, tur¬ 

bidity, and color were obtained. The methods are explained in the 

text of the report in the appropriate section. 

Data on bottom composition and configuration were obtained by 

sounding and probing with a lead line and by using a pole with a 

hollow end for withdrawing bottom samples. 

The data obtained from the East Bay study are presented from three 

standpoints. The physical, chemical, and general biological charac¬ 

teristics of the bay as an environment are treated in the preceding 

section entitled East Bay. General aspects of the fish populations, 

its structure, distribution, and inter- and intra-population relationships 

are presented in the following division of the report entitled Some 

Aspects of the Fish Community. Natural history notes, details of num¬ 

bers, distribution, and ecological data for the invertebrates and verte¬ 

brates are contained in the section Faunal Components of East Bay. 

A brief description of the Gulf beach and an account of its fauna are 

considered in a section The Gulf Beach. 

SOME ASPECTS OF THE FISH COMMUNITY 

Although estuarine in respect to certain characteristics of bottom 

composition, the presence of a salinity gradient, and the fact that it 

does receive fresh water from several small bayous. East Bay harbors 

an organic community which is primarily marine in nature. The fish 

populations, which received the major emphasis during the summer 

investigation, contained only a small number of species which could 

be considered more characteristic of fresh water than of marine. 

Fifty species of cartilaginous and bony fishes were collected in East 

Bay. These species represent 46 genera and 30 families. The bony 

fishes, exclusively, consisted of 48 species, representing 44 genera and 

28 families. 

The species density within the community is doubtless influenced 

sharply by salinity and probably to a greater extent by bottom com¬ 

position. Five species, common in the Gulf during the investigation, 

were not found in the bay. It appears that shelter can be eliminated 

as an important distributional factor in the local problem, since cover 
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was lacking in both habitats. Similarly, four of the forms found only 

in the Gulf, Trachinotus carolinus, Cynoscion nothus^ Larimus fas- 

ciatus^ and Menticirrhus sp., could probably have found ample food in 

the abundant populations of small fishes and crustaceans which oc¬ 

curred in the bay. 

Considerable stratification, both horizontal and vertical, was ob¬ 

served in the distribution of the species populations within the bay. 

The cyprinodonts, characteristic inhabitants of the near-shore or shal¬ 

low, vegetated zone, were common though not abundant, their dis¬ 

tribution and abundance being limited by the paucity of suitable 

habitats. Young Mugil cephalus and Mugil curema were caught in 

greater numbers and with greater frequency in the shallow shore- 

zones. 

Over most of the bay the bottom is mud or muddy sand, and this 

habitat contained, and apparently adequately supported, large num¬ 

bers of sciaenids such as Micropogon undulatus and Leiostomus xan- 

thurus. Polydactylus octonemus and Brevoortia patronus were com¬ 

mon over the bottom in the open-water zone, although the latter 

appeared to be more abundant near the shore. The anchovy, Anchoa 

mitchilli diaphana, was abundant in all habitats and probably pos¬ 

sessed the greatest population density of all the bay fishes. In Figure 3 

it can be seen that there were some local distributional patterns within 

the bay. The important variable in the areas shown seemed to be 

bottom composition, although some differences in salinity and tem¬ 

perature existed in the three regions (Figure 2). 

On the basis of combined data from trawl and seine collections 

(Figure 4) the croaker, Micropogon undulatus^ was caught in greatest 

numbers. The number of individuals of this species caught made up 

42 per cent of the total fish taken by both types of gear. Another sciae- 

noid species, Leiostomus xanthurus^ was second in population density 

in the catch of the combined gear; 20 per cent of all fishes caught were 

this species. Both of these abundant species are representatives of the 

family Sciaenidae which contained the largest number of species re¬ 

corded in East Bay. Except for one additional species, Cynoscion 

arenarius^ which constituted 2.5 per cent of the trawl catch and a small 

proportion of the seine collection, the remaining sciaenoid forms did 

not appear in significant numbers in the collections. Partially similar 

data were reported for Cedar Key, Florida (Beid, 1954:75) where 

eight species of sciaenoid fishes constituted the family with greatest 

species density in that area; however, the number of individuals 

caught was relatively small. 
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The population of Anchoa mitchilli diaphana was third in numbers 

of fishes caught in combined trawl and seine collections and it consti¬ 

tuted 16 per cent of the total catch. Figure 5 demonstrates that an¬ 

chovies made up 12 per cent of the trawl catch. In view of their shape 

and small size the escape ratio probably was great. 

Young Brevoortia patronus were abundant in the bay although ap¬ 

parently occurring in greater numbers in the shallow, shore-zones, 

where their numbers constituted nearly 21 per cent of the total seine 

catch. Adults were uncommon in the bay. 

Of 30 species taken in the trawl, 11 forms constituted 99 per cent of 

the catch. Similarly, a few species made up the bulk of the seine catch; 

11 fishes constituted 96 per cent of the total (Figure 5). 

When the eleven most abundant fishes caught in the trawl and seine 

AVERAGE NUMBER PER HAUL 

0 50 100 150 200 250 300 350 400 4 50 

Fig. 3. Variation in Trawl Collections in Three Bay Areas. The bar graphs are based on 

average numbers per collection. 
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are combined, it is seen that four species (Cyprinodon variegatus, 

Mugil curema, Fundulus grandis^ Memhras m. vagrans) were taken 

only in the seine. Four species (Polydactylus octonemus, Cynoscion 

arenarius^ Galeichthys felis, Citharichthys spilopterus), although con¬ 

spicuous elements of the trawl catch, were insignificant in the total 

seine collection (Figure 5). 
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Fig. 4. Proportions of the Fifteen Most Abundant Fish Species in the Combined Trawl 

and Seine Colle'ctions. Total catch of each species is shown. 

Trammel net collections were made in order to ascertain what 

adults or large species inhabited East Bay and to give an indication of | 

their relative abundance. On the basis of the data obtained (Table I) 

adult Micropogon undulatus, Pogonias cromis, Dorosoma cepedianiim, 

and Mugil cephalus constituted over 50 per cent of the catch. Field ob¬ 

servations indicated that the catfish, Galeichthys felis, was more j 

abundant than shown by the trammel net catch. I 

A comparison of the summer (June and July) fish populations of ; 

Copano Bay and Aransas Bay (Gunter, 1945) and East Bay (Tables 

II and II) reveals differences and similarities which might best be ex¬ 

plained on the basis of bottom physiography and composition and, to ; 

some extent, by geographic locality. Although numbers of individuals | 

caught are shown, diversity in collecting techniques tends to vitiate 

these data. However, comparison of the order of abundance of the 

various species in each locality appears to be valid. The orders of ; 

PER CENT OF CATCH 
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abundance in trawl catches should reflect the fish population of 

open-water areas, while seine collections indicate the shallow-water 

populations. 

Inspection of the tables demonstrates a higher degree of similarity 

between the open-water (trawl) population structure of Copano Bay 

and East Bay than between Aransas Bay and East Bay {vid. Gunter, 

1945, for descriptions of Copano Bay and Aransas Bay) although con¬ 

spicuous differences exist (cf. Leiostomus xanthurus, Cynoscion 

arenarius). The extreme dissimilarity between the littoral (seine) 

populations of East Bay and both Copano Bay and Aransas Bay doubt¬ 

less points to the absence of shallow, sloping shore-zones and flats 

supporting vegetation in East Bay (cf. Brevoortia patronus, Micro- 

pogon undulatus^ the cyprinodonts, et al.). Thus, where the mud bot¬ 

tom and considerable water depth extend to the marsh edge, M. un- 

dulatus^ B. patronus, L. xanthurus, and other fishes of similar affinities 

are abundant adjacent to the shore; the same ecological conditions in- 

PER CENT OF CATCH 

%0 10 20 30 40 50 

Fig. 5. Comparison of Trawl and Seine Collections on the Basis of the Eleven Most 

Abundant Species in Each. Total catch of each species is also shown. Dotted bar indicates 

that the species was taken in insignificant numbers. Percentages are based on the total 

catch of each type of gear. 
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hibit the development of large populations of atherinids and cyprino- 

dontids. 

On the basis of stomach analyses of large fishes, interspecific pre¬ 

dation among some species was quite severe. The trout (Cynoscion 

arenarius)—menhaden (Brevoortia patronus) relationship was es¬ 

pecially conspicuous. At the time of the investigation menhaden were 

of a size such as to cause them to be the most frequently ingested food 

TABLE I 

Catch Data for Six Trammel Net Collections 

Species Number Frequency AvJhaul % of Total 

Micropogon undulatus 145 4 24.17 39.08 
'Pogonias cromis 71 3 11.83 19.14 
Dorosoma cepedianum 36 3 6.00 9.70 
Mugil cephalus 34 2 5.67 9.16 
Bagre marinus 29 3 4.83 7.81 
Galeichthys fells 17 4 2.83 4.58 
Dasyatis sabina 13 2 2.17 3.50 
Sciaenops ocellata 7 2 1.17 1.89 
Paralichthys lethostigma 5 3 .83 1.35 
Cynoscion nebulosus 5 3 .83 1.35 
Leiostomus xanthurus 5 1 .83 1.35 
Carcharhinus limbatus 2 2 .33 .54 
Lobotes surinamensis 1 1 .17 .27 
Syngnathus sp. 1 1 .17 .27 

Total 371 99.99 

of the trout. Nearly 89 per cent of the trout stomachs examined con¬ 

tained fishes, and menhaden constituted the greatest part of this item. 

How long the young menhaden remain in the bay, or how soon they 

reach a size too large to be taken by trout is problematical. Menhaden 

were also preyed upon, although to lesser extents, by the croaker, the 

gafftopsail and sea catfishes, the big-eyed herring or ladyfish, 

saurus, and the lizardfish, Synodus foetens. Silversides, (Atherinidae) 

received pressure from E. saurus and probably from other surface 

feeders. The small, ubiquitous anchovy forms a staple item in the diet 

of many piscivorous species since it retains small size and is usually 

abundant. Predation pressure on this species is lessened during seasons 

of great abundance of the young of other fishes. 

It is interesting to note that while the young of the croaker and the 

spot were probably as abundant as small menhaden, some of the pred¬ 

ators took the menhaden in considerably greater numbers. If the 
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matter of “preference” is held in abeyance, it seems that the heavy pre¬ 

dation on the menhaden is a matter of accessibility to the habitat or 

ease of capture. The species with great population density, two 

sciaenids, fed primarily on crustaceans and mollusks, and the abun¬ 

dance of these invertebrates doubtless acts as a factor in determining 

sizes of the populations of sciaenoid species. 

Zooplankton mass appeared to be such as to allow for the develop¬ 

ment of large populations of clupeids and engraulids. The shads {Doro- 

soma cepedianum and Signalosa petenensis) were common in the bay, 

although few small individuals were caught. The abundance and 

ecological niche of the anchovies (Anchoa mitchilli diaphana and A. 

hepsetus) are emphasized in the annotated list, and their numbers also 

depend upon the mass of zooplankton. 

Intraspecific predation appeared to be slight. Except for the trout, 

there seemed to be no other piscivorous species populations with both 

young and adults present during this investigation. Of the trout 

stomachs examined, none contained fishes identified as small trout. 

However, it is likely that, had a young fish presented itself, the adult 

trout would not have hesitated in taking it. 

In terms of the number of species preying upon it, the shrimp, 

Penaeus aztecus, received the greatest predation pressure. Except for 

the mud-eating mugilids and the plankton-feeding clupeids and en¬ 

graulids, nearly all the fish examined utilized shrimp of one size or 

another to varying degrees. The abundance of shrimp in a compara¬ 

tively wide size range provided a rich source of food for the bulk of the 

fish populations. Crabs and mollusks also were utilized considerably. 

Major communities such as East Bay are of utmost importance, as 

breeding and nursery grounds, in maintaining stocks of fishes in the 

coastal area. Active breeding by numerous species occurs within the | 

bay and doubtless the hatchlings from eggs spawned elsewhere by | 

other species migrate into the bay for further development. ! 

Evidence of actual summer spawning was observed in several | 

species occupying various habitats within the bay community. In the ' 

shallow, near-shore areas, Cyprinodon variegatus was in breeding | 

coloration although no very young fish were caught. Pelagic larval I 

forms of Anchoa sp. were caught in the plankton net. In the open | 

waters, egg-carrying male sea catfish, Galeichthys felis, and pregnant 

rays, Dasyatis sabina, were taken. The presence of gravid female sand f 

trout, Cynoscion arenarius, indicated spawning by that species within j 

the bay. | 

The great abundance of young croaker, Micropogon undulatus^ and ' 
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spot, Leiostomus xanthurus^ attests to the role of the bay as a nursery 

ground. Since no adults with ripened gonads were found, and in view 

of Pearson’s observations (1929) on the exodus of ripe adults of both 

these species from the bays, it would appear that the young find their 

way from the Gulf into the bays for further development. 

The menhaden, Brevoortia patronus, is probably another species 

which spawns offshore and the young of which migrate into the bays 

for a period of time. Since relatively few large menhaden were caught 

in the bay (although abundant in the Gulf) it would appear that they 

spend only a comparatively short time in the bays. 

Some of the more pertinent and significant of the physical, chemi¬ 

cal, and biological factors in East Bay as an estuarine environment 

have been presented in describing the major community. The problem 

of how these factors affect the local fish populations collectively or 

singly becomes resolved into interactions between single species popu¬ 

lations and the environmental factors, or inter-relationships of the 

factors and several of the contained fish populations. Some of these 

interactions act to the detriment of certain forms, some are favorable, 

and some bear little effect on the populations. Further, the effects may 

be direct or indirect, acting through the composition and nature of the 

substrate, through influences on the food organisms, or enemies, or in 

myriads of other ways. 

The chemical environment appeared to be comparatively stable 

during June and early July. It has been shown that a salinity gradient 

exists within the embayment. Generally, however, the total fish popu¬ 

lations transgressed the salinity range of approximately 15%^. Most 

of the forms inhabiting the bay were found to be those which are 

usually conceded to be euryhaline throughout the life span or at one 

phase or another during that span. Similarly, most of the fishes were 

more properly of marine than fresh water affinities. Certainly the 

chemical stability is affected by seasonal rains, and the drainage which 

the bay receives from several bayous doubtless dilutes the waters and 

results in an exodus of those narrowly euryhaline fishes. But these 

same bayous are contributing allochthonous nutrients toward the en¬ 

richment of the bay environment. The hydrogen-ion concentration of 

the water was such as to render the water nearly neutral, indicating, 

among other things, that chemical pollution of the types found on the 

Texas coast, was not inhibiting the development of maximum popu¬ 

lations of fishes. 

A few species of fishes were represented by specimens taken only 

from the regions of higher salinities, although correlated with those 
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regions was a difference in bottom composition. Which factor exerted 

the greater influence would be at least difficult to determine. Chloro- 

scombrus chrysurus, Bairdiella chrysura, and Lagodon rhomboides 

were taken in greatest numbers in the lower end of the bay where the 

salinity was highest and where the bottom was sandy mud or almost 

pure sand and shell. 

Temperature exerts profound effects on marine assemblages. There 

were, however, no opportunities for illustrating the fact during the 

East Bay investigation, since surface temperatures were relatively 

constant and nearly uniform. The general character of the fish com¬ 

munity during summer in the bay was quite typical of the temperate 

coastal regions, especially in view of the abundance and variety of 

sciaenoid forms. 

The slight range of tidal heights has been discussed previously. Al¬ 

though limited, the ebb and flow of tides directly affect certain of the 

fish populations. The abundance of redfish, Sciaenops ocellata, and 

drum, Pogonias cromis, is related to available food. These two species 

have a characteristic habit of grazing in the salt marshes when the 

marshes are under water. Cyprinodonts and atherinids depend upon 

the high tides to liberate them from marsh pools and permit feeding. 

Tidal currents scour the bay in the lower end, thus providing sandy- 

shell bottoms for fishes with affinities for such habitats. It might be 

added that lack of currents permits silting and deposition of mud in 

the upper portion of the bay and consequently many young fish 

flourish there. 

The organic, inorganic, and physical nature of the bay bottom was 

such as to support abundant populations of young fishes. In addition 

to the inorganic materials produced by decomposition of bottom sub¬ 

stances and which enter into the overall energy cycle, organic debris 

is utilized for food by myriads of fishes and invertebrates. Mugilids 

and young sciaenids fed largely on such organic detritus. The physical 

characteristics of the bottom of East Bay, however, offered little by 

way of cover or protection to the bottom-dwelling fishes. Rooted vege¬ 

tation was nonexistent, and most of the bottom was soft mud. In some 

regions the sand content of the mud was increased and in a compara¬ 

tively small portion the bottom was pure sand and shell. Figure 3 

demonstrates variations in trawl catches over some of these areas, 

although as indicated above, physico-chemical conditions varied 

slightly in these regions. 

Some of the more pronounced associations and relationships among 

the fish populations, and between the populations and the environ- 
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merit, have been discussed. One glaringly enigmatic phase of the in¬ 

vestigation should be noted. In view of the somewhat varied habitats 

and hydrographic conditions which existed in the bay, certain species 

were anticipated, some of which were not collected. Although there 

existed what appeared to be a favorable habitat for it among the mud 

and shell, or sand and shell, the oyster dog, Opsanus, was not caught. 

Collection data also indicated the absence of any of the blennioid or 

gobioid fishes. Wherever these fishes occur they are easily caught with 

trawl or seine, yet the East Bay collections were devoid of the species. 

FAUNAL COMPONENTS OF EAST BAY 

Cnidaria 

Scyphozoa 

Semaeostomeae 

Pelagidae 

Dactylometra quinquecirrha L. Agassiz. Sea Nettle. Although ac¬ 

tual counts of the numbers of this jellyfish were not made, the species 

was quite common at times during the period of investigation. Numer¬ 

ous large individuals (150 mm. in diameter) were observed in the bay 

and caught in the trawl and seine. As a general impression, these 

jellyfish appeared to be more abundant along the south side of the bay 

than elsewhere. In addition to the higher salinity and slightly lower 

temperatures, this was the protected side of the bay, since prevailing 

winds were generally southerly. 

Ulmaridae 

Aurellia aurita Lamarck. White Sea Jelly. A few individuals of this 

disc-shaped jellyfish were observed in East Bay. The appearance of 

them was somewhat unexpected since they are generally regarded as 

inhabiting the Gulf proper in waters of rather high salinity. Gunter 

(1950:9) states, however, that, during 1949, he found the species to 

be the most abundant jellyfish in the bays in salinities as low as 

16.0%,,. 

Thousands of small medusoid jellyfish approximately 10 mm. in 

diameter were collected in the trawl and plankton net. Positive identi¬ 

fication was not made although it was assumed that these small individ¬ 

uals might be Phortis sp. 

Rhizostomae 

Stomolophus meleagris L. Agassiz. Cabbagehead. Only a very few 

of this mushroom-shaped coelenterate were observed in East Bay dur- 
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ing June and early July. However, they were found to be very 

abundant in the boat basin at Rockport on Aransas Bay in August. 

Ctenophora 

Nuda 

Beroidea 

Beroe sp. Ctenophores were especially abundant by late June and in 

July. The plankton net and fine-meshed liner of the trawl gathered 

large masses of the animals. Positive identification was not made al¬ 

though the specimens examined seemed referable to the genus Beroe. 

Gunter (1950:10) quotes Hedgepeth as stating that Beroe ovata 

and Mnemiopsis mccradyi are the most common ctenophores in Texas 

waters. 

Annelida 

Polychaeta 

Nereidae 

Nereid worms were common among clumps of oyster shells which 

were caught in the trawl and other gear. Hartman (1951) in an ex¬ 

cellent treatise of the littoral marine annelids of the Gulf of Mexico 

has listed 13 species in seven genera of this family of segmented worms 

and stated {op cit., 42) that species of the family Nereidae are the 

most widespread and best represented of all annelids in the littoral 

zones of the gulf. 

Mollusca 

Pelecypoda 

Anisomyaria 

Mytilidae 

Brachidontes recurvus Rafinesque. Mussel. The ribbed mussel was 

typically found growing on oysters throughout most of the bay. Usu¬ 

ally a clump of two or three oysters was supporting a colony of a 

dozen or more mussels. 

The abundance of mussels on oysters has caused concern among 

local inhabitants who are interested in the commercial aspects of 

oysters. 

Ostreidae 

Crassostrea virginica (Gmelin). Oyster. Oysters were common but 

not abundant in East Bay generally. The only extensive area of 

oyster reefs was Hanna Reef at the lower end of the bay. Occasional 
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clumps of small oysters or dead shells were taken in the trawl, and a 

few small reefs were scattered near the shore in other parts of the bay. 

Local residents pointed out areas which once contained growths of 

oysters but which are now silted over. 

Eulamellihranchiata 

Tellinidae 

Macoma mitchelli DalL Attention was directed to this small, thin- 

shelled pelecypod through the large numbers of the animals which 

had been eaten by the croaker. Observations of the trawl catches in¬ 

dicated the common occurrence of the animal in the bay. 

Cephalopoda 

Dibranchiata 

Loliginidae 

Lolliguncula brevis (Blainville), Squid. Small squid identified as 

L. brevis were not uncommon in East Bay. Sixty-eight individuals 

ranging up to approximately 60 mm. (mantle length) were taken in 

the trawl. Although a single specimen was captured in a salinity of 

10.3%c^ most of the squid were caught in salinities ranging from 14,0 

to 19.0%o and in the lower part of the bay. None was captured in the 

upper end of the bay, which was lower in salinity, more shallow, and 

of higher turbidity than elsewhere. 

Arthropoda 

Eucrustacea 

Cirripedia 

T horacica 

Balanidae 

Balanus sp. Barnacle. A small, unidentified species of barnacle oc¬ 

curred in East Bay. In general, the numbers of the animal were rather 

reduced. It was observed that pilings in the Intracoastal Waterway 

and the lower end of the bay supported a greater population than was 

found in the areas of lower salinity. 

Malacostraca 

Decapoda 

Peneidae 

Penaeus aztecus Ives. Brown Shrimp. A total of 8,163 brown shrimp 

was collected in East Bay. Of the total catch, 5,579 were taken in the 
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trawl and 2,584 were caught by seining. The number of shrimp taken 

accounted for 22.6 per cent of the total of all animals caught in the 

trawl and 26 per cent of the total seine collection. As indicated in Fig¬ 

ure 6, the sizes, as measured from the tip of the rostrum (if entire) to 

the posterior edge of the telson, ranged from 32.0 mm. to 89.0 mm. 

These small shrimp were common in all of the areas collected and were 

Fig. 6. Leng+h-Frequency Distribution of the Eleven Most Abundant Fish Species and of 

the Shrimp (PENAEUS AZTECUS) in East Bay, Texas. Fish measurements are given as 

standard lengths; the shrimp specimens were measured from the anterior of the rostral 

process to the posterior edge of the telson- 
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caught in 31 of 32 trawl hauls and 14 of 18 seine collections. The aver¬ 

age number caught per trawl haul was 115, although the catch was not 

at all consistent; some trawl hauls contained as few as 30 shrimp while 

others caught upwards of 900. Seine collections proved to be similar to 

the trawl catches in that considerable variability existed even when 

several collections were made at different times at the same station. 

Figure 3 indicates that shrimp were least abundant in the southern 

area of the bay. 

East Bay, therefore, supports a relatively large population of young 

P. aztecus during early summer. This fact is in agreement with earlier 

studies on the shrimp in this area. Gunter (1950) and Weymouth, 

Linder, and Anderson (1933) have shown that during the summer 

months, P. aztecus is more abundant than P. setiferus in the bays of 

Texas and Louisiana. 

Following the precedent of previous workers in this locality the pos¬ 

sible presence of P. duorarum Burkenroad in the East Bay population 

should be acknowledged. It was not recognized during the present 

investigation, however. 

Penaeus setiferus (Linnaeus). White Shrimp. Fourteen specimens 

of this species were collected in one trawl collection. The specimens 

ranged in size from 108 to 143 mm. in length. 

Palaemonidae 

Palaemonetes sp. Grass Shrimp. One or more unidentified species 

of palaemonid shrimps occured abundantly in stands of Spartina 

near the shore. The absence of bottom vegetation in the bay prop¬ 

er doubtless accounted for the rather restricted distribution of the 

animals. 

Holthius (1949) has listed three species of Palaemonetes for Texas 

brackish water: P. vulgaris^ P. intermedius, and P. pugio. 

Paguridae. Hermit Crabs 

Although a few hermit crabs were observed, no record of numbers 

or identification was made. 

Portunidae 

Callinectes sapidus Rathbun. Blue Crab. Ninety-five examples of C. 

sapidus were taken in the bay. Of these, 63 were caught in 19 of 32 

trawl hauls, and 32 in 10 of 14 seine collections. The number of crabs 
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caught made up considerably less than one per cent of the trawl catch 

as well as the seine collection. 

Carapace widths were measured on those specimens in which the 

spines were entire, and the range of 76 individuals was from 15 to 201 

mm. with a mean of 107.9 mm. Thirty-four male crabs ranged from 

49 to 201 mm., carapace width, with the mean at 144.35 mm. The size 

range of 18 females was 35 to 194 mm. with a mean of 113.30 mm. As 

indicated by these figures, the males were generally larger than the 

females. 

Only one egg-carrying female crab was caught. This specimen, 

152 mm. carapace width, was bearing an early-form yellow “sponge.” 

The water temperature at the time of collection near Hanna Reef was 

31.0° C. and the salinity was 17.8^^- Gunter (1950:35), in reporting 

on the natural history of crabs in Copano and Aransas Bays, found 

that females taken in March were bearing yellow sponges while those 

found in August were carrying brown (more mature) sponges. Gunter 

(loc, cit.) further found the egg-bearing females in a salinity range 

of 22.9 to 32.4%c- 

Pilumnidae. Mud Crabs 

A few small crabs probably of the genus Panopeus w^ere taken in 

the trawl in the areas of considerable shell. 
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Part II of this report will appear in the next isue of this journal. It 

will consist, in the main, of an annotated list of the fishes of East Bay 

in which are presented details of relative abundance, catch by the 

various gear, ecological data, food, and breeding activities. A brief ac¬ 

count of the more conspicuous elements in the fauna of the Gulf beach 

at Gilchrist, Texas, and a summary of the entire report are also in¬ 

cluded in Part II. 



Brief Notes and Communications 

THE CALL OF THE CHUCK-WILL’s-WIDOW 

(Caprimulgus carolinensis) 

Several calls of a Chuck-will’s-widow were unintentionally re¬ 

corded while we were engaged in recording the calls of Microhyla 

carolinensis. The recordings were made near Hardy Creek, seven miles 

TIME IN SECONDS 

Fig. I. Tracing made from a Sona-gram of the cal! of the Chuck-will's-widow (CAPRI¬ 

MULGUS CAROLINENSIS). See text for explanation. 
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southeast of Clayton, Pushmataha County, Oklahoma, about dusk on 

and the author were present at the time. The structure of this call, as 

revealed by Sona-graphic analysis, is of some interest. 

The call is illustrated in Figure 1. Time in seconds is represented 

upon the horizontal axis while frequency in thousands of cycles per 

second is seen on the ordinate scale. The inflections present in the call 

make it readily evident why the bird’s common name is so applicable. 

A striking difference is seen between this type of call structure and 

that of many anurans which have been analyzed. Among the anurans 

there is invariably a much wider range of frequencies being produced 

at any given point in the call. The restricted range of frequencies seen 

in the bird’s call at any given point in time indicates that the bird is 

capable of producing a much more specifically tuned sound.—David 

Pettus, The University of Texas. 

NOTES ON THE BREEDING BEHAVIOR OF THE COMMON 

TREE-FROG (Hyla versicolor) 

The fact that the males of the Common tree-frog frequently call 

from trees is well known to students of anurans. Not only do they call 

at the breeding site, but also may frequently be heard calling from 

trees which are some distance from a body of water which might be 

used for breeding purposes. Although no function has been demon¬ 

strated for this ‘tree-call,’ the call uttered at the breeding site serves 

to attract females. 

On the evening of June 6, 1953, W. Frank Blair, A. P. Blair and the 

author were engaged in recording the calls of, and collecting anurans 

around a small woodland pool in Mayes County, Oklahoma. This 

pond is located approximately six miles southeast of the town of Locust 

Grove. Shortly after sundown a large chorus of Hyla versicolor began 

to call from the trees in the general vicinity of the pond. Later in the 

the evening of May 31, 1954. W. Frank Blair, William R. Meacham 

evening we found between ten and fifteen pairs in amplexus in the 

trees bordering the pond. Several of these pairs were in a large tree 

which stood about twenty feet from the water’s edge. Some of these 

were more than seven feet above the ground. Other pairs were seen 

and collected from various other positions both in the trees and on the 

ground. It may be presumed, at least in some cases, that the amplexus 

was initiated in the trees and from there the pair went to the pond to 

complete their breeding. 

Sona-graphic analyses of both types of calls reveal that there are no 

qualitative differences between them. Hence the mechanisms by 
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which the females are attracted to the males must be more complex 

than just the structure of the call. Perhaps the rapidity with which 

the call is repeated or the presence of a large congress of calling males 

may act as the stimulant. If the ‘tree-calF does have a function, it 

appears that the two types of calling may have been functionally in¬ 

tergrading in the case discussed here.—David Pettus, The University 

of Texas. 

ON A TEXAS RECORD OF NOtropis boopS BASED ON AN 

APPARENT HYBRID BETWEEN N. VeUUStUS AND N. fuiUeUS 

Knapp (1953, Fishes Found in the Fresh Waters of Texas: i-viii 

4- 1-166) reported that the bigeye shiner, Notropis hoops Gilbert, 

occured in Texas. This is the only “published record” of the fish in 

Texas waters. Apparently the range extension is based on the speci¬ 

men he drew for Fig. 85. The caption for this figure reads “Juvenile 

1.3 inches (32 mm) long from the Red River. (Texas A, & M. Cat. 

No. M-3-d-505). This is the first Texas record for this species.” Dr. 

George K. Reid, Jr. of Texas A. and M. College has kindly loaned me 

the specimen with this catalogue number and reports that no other 

fishes are catalogued as N. hoops at that institution. The label for this 

fish reads “St. 8 NRS / Neches R. / 5 mi E. Fastrill Hwy 294 / 

Cherokee-Anderson Co. line / Texas.” (Fastrill is 0.5 miles east of 

the highway 294 bridge over the Neches River.) This specimen is 

32 mm. long and is more or less similar to the drawing. The eye of 

the figure is too large, the mouth too small and the bases of the 

posterior rays of the dorsal and anal too far posterior. Inaccuracies of 

this nature are common in the other figures. The lateral stripe is very 

similar to that on the drawing. As the stripe differs from that of other 

Texas shiners which have terminal mouths, it is very likely that the 

fish bearing the catalogue number listed by Knapp is the one he used 

for the drawing. 

At first glance it appears that Knapp was conservative in extend¬ 

ing the known range of the bigeye shiner into Texas; however, the 

specimen is not a bigeye shiner. The specimen differs from N. hoops 

in a number of characters including: the peritoneum is dusky and 

not intense black; the eye is smaller, contained about three times in 

the head length, not 2.7; the middorsal stripe is conspicuous; there 

are no double marks on the lateral line scales; the dark caudal spot 

is mostly on the fin, not on the peduncle; the body is deeper and 

more slabsided. Due to the somewhat battered condition of the speci- 
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men (the pharyngeal teeth, opercles, and scales are absent and the 

fins are broken) many other more trenchant differences are not 

noted. Drs. George A. Moore and Royal D. Suttkus have examined 

the specimen and confirmed that it is not a N. hoops. It is possible 

that the bigeye shiner does occur in northeast Texas, but its presence 

has not been confirmed. 

I have attempted to identify the fish. Its similarity to N. venustus 

(Girard) is striking. It has melanophores on the interradial mem- 

brances of the dorsal fin, a black caudal spot, and terminal mouth 

among other characters. However, it differs from that species in the 

following ways: the black caudal spot is less distinct, and connected 

to the lateral band; the lateral band extends forward through the 

eye; the colors above and below the lateral band are fainter; and the 

dorsal is somewhat more triangular. I suspect that it may be a hybrid. 

As the specimen obviously is a member of the genus Notropis, my 

search for another possible parent is limited to its species. The ter¬ 

minal mouth eliminates those species which have subinferior mouths. 

The relatively deep and slabsided body does not approach N. roseus 

or N. chalybaeus. Assuming that the locality data are correct, only 

the following few species that are known to occur there have not 

been eliminated: N. percobromus (Cope), N. fumeus Evermann, 

N. umbratilis (Girard), and N. lutrensis (Girard). Two other species, 

N. oxyrhynchus Hubbs and Bonham and A. brazosensis Hubbs and 

Bonham might occur there, but have not yet been so reported. If the 

locality is the Red River, only A. atherinoides and A. cornutus can 

definitely be added to the list. As the lateral band of the specimen is 

darker than in A, venustus., the other parental species would be ex¬ 

pected to have a pronounced lateral band. Of the above species only 

A. fumeus has such a band. The body of the suspected hybrid is more 

slabsided than that of A. venustus. Only A. fumeus and A. umbratilis 

of the above species are markedly more slabsided than A. venustus. 

The specimen is question has no trace of the spot on the anterior 

dorsal base typical of A. umbratilis. Both above and below the lateral 

band, the flanks of A. fumeus individuals are pale. That species does 

not have a caudal spot. The dorsal fin of A. fumeus is more triangu¬ 

lar. The suspected hybrid and parental species all have a darkened 

area around the base of the anal fin. The specimen has 8 anal rays 

and about 37 scale pockets. A. fumeus and A. venustus respectively 

average 10 and 7 anal rays and 42 and 34 lateral line scales. The 

figures are within the range of variability of A. venustus,, but toward 

A. fumeus figures. As the specimen is intermediate between the two 
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species, I believe that it is a hybrid between them. Due to its poor 

condition any definite conclusion on the identity of the fish is im¬ 

possible. Dr. George A. Moore suggested this hybrid combination 

when he examined the specimen; comparison of specimens elimin¬ 

ated the possibility of N. percobromus (my candidate) as a substitute 

for N. fumeus. 

In his account of natural hybridization, Hubbs (1955, Syst. ZooL, 

4: 1-20) did not report hybridization between the subgenera Lythru¬ 

ms and Erogala to which the suspected parents of the specimen be¬ 

long. Hybrids between these subgenera are to be expected as many 

intergeneric crosses are known among the minnows.—Clark Hubbs, 

The University of Texas. 



Science in Texas 

The Eleventh Southwest Meeting of the American Chemical Society 

will be held at the Shamrock Hotel, Houston, Texas, on December 1, 2, 

and 3, 1955. 
★ ★ ★ ★ 

The tenth annual technical meeting of the South Texas Section, 

American Institute of Chemical Engineers, will be held on October 

14, 1955, at the Galvez Hotel, Galveston, Texas. 

General chairman for the meeting is Mr. W. L. Bolles, Monsanto 

Chemical Company, Texas City, Texas. The Program Chairman is 

Mr. Earl Manning, Shell Oil, Houston, Texas. 

★ ★ ★ ★ 

Dr. Herschel T. Manuel, Director of the Testing and Guidance Bu¬ 

reau of The University of Texas, has been elected president of the 

National Council on Measurements Used in Education. 

★ ★ ★ ★ 

A Department of Geology has been started at McMurry College in 

Abilene. Courses in geology will be taught by Mr. Fred R. Haeberle 

of Fred R. Haeberle and Associates, a firm of consulting geologists in 

Abilene. 
★ ★ ★ ★ 

Graduate fellowships and research assistantships ranging up to 

$3,000 each are available in the Department of Oceanography at the 

A. and M. College of Texas. Qualified graduates in physics, chemistry, 

geology, meteorology, biology, and engineering are eligible. Fellow¬ 

ships include the United Gas Fellowship in engineering oceanography, 

$3,000; and the Dow Fellowship in chemical oceanography, $2,000. 

The graduate assistanships provide as much as $2,400 each. 

Fellows and assistants take the standard courses leading to graduate 

degrees in oceanography or meteorology. They also take additional 

graduate work in basic science or in engineering. They will work in 

the department's program of research sponsored by various govern¬ 

ment agencies and by industry. 

The fields of emphasis include ocean waves and wave forces, inter¬ 

action between ocean and atmosphere, diseases of marine organisms, 

marine meteorology, ocean thermal structure, radar meteorology, 

agricultural meteorology, micrometeorology, and weather analysis. 
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In addition, a $500 scholarship and numerous student assistantships 

are open to undergraduates working toward the B.S. degree in meteor¬ 

ology. The latter will provide compensation for work on research proj¬ 

ects of the department. 

Applications may be submitted anytime before March 30 of each 

year, and awards are announced the following month. 

★ ★ ★ ★ 

Dr. Jack Myers of The University of Texas has received a grant of 

$42,000 for a three-year study of algae, small plants considered a po¬ 

tential source of food and other organic matter. The Rockefeller Foun¬ 

dation of New York is providing $30,000, which is matched by $12,000 

from the University’s Board of Regents. 

Dr. Myers will seek new data on photosynthesis, the process by 

which plants capture and utilize sunlight for growth. More knowledge 

of that process may mean that man can eventually create plants espe¬ 

cially suited for particular needs. The ability of algae to multiply 

rapidly and in greater quantity under proper conditions makes them 

potential food sources for areas with large populations and not much 

productive land, such as Italy and Japan. Certain forms of algae, com¬ 

monly recognized as green scum in waters, also have the capacity to 

attract atomic-energy waste materials, which may lead to safer meth¬ 

ods of disposal. 

★ ★ ★ ★ 

Dr. Samuel P. Ellison, Jr., of The University of Texas, has been 

made secretary-treasurer of the Society of Economic Paleontologists 

and Mineralogists. 

★ ★ ★ ★ 

Dr. W. A. Cunningham of the College of Engineering at The Uni¬ 

versity of Texas has been made a director of the American Institute 

of Chemical Engineers. 

★ ★ ★ ★ 

The Texas Transportation Institute of A. and M. College of Texas 

has received a grant of $20,000 from the Automotive Safety Founda¬ 

tion of Washington, D. C. This grant will be used for a study of land 

values in relation to modern highway construction in Texas. 

Cities are currently faced with the problem of relieving downtown 

traffic congestion by building more freeways and by-passes. To make 

the problem worse, much of this construction must be done on or near 

lands heavily developed for industry or for residences. The cost of 
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such lands, its value before and after construction of improved high¬ 

ways, and the need for a standardized financial policy on right-of-way 

purchase, combine to make the Texas study one of national importance. 

In this study land values near the Gulf Freeway at Houston, the 

Central Expressway at Dallas, and adjacent to improved highways at 

Fort Worth and San Antonio will be investigated. Changes in use of 

this land will also be surveyed. 

A generation ago, right-of-way purchase was usually a minor item 

in highway construction costs. Now, in metropolitan areas, it often 

costs nearly as much to buy a place to put a road as it does to build it. 

In a few instances right-of-way has cost more than other construction 

expenses. In recent years many property owners have had the value 

of their lands jump upward tremendously because of nearby super¬ 

highway construction. This increase in land values has led to the 

suggestion that special assessments should be made on such properties 

to help pay the cost of highway construction that led to the increases. 

The study by A. and M. College of Texas will try to determine the pat¬ 

terns of increased land values resulting from highway construction. It 

will also try to chart the changes in use of lands near super-highways. 

★ ★ ★ ★ 

The University of Texas has received $9,600 from Swift and Com¬ 

pany of Chicago to study the chemical composition of Southwestern 

grasses. Drs. Walter V. Brown and Irwin Spear of the Department of 

Botany will attempt to determine certain chemical features related to 

the nutritional value of the grasses. This project will open a new 

phase of the University’s long-range program to lay the scientific 

groundwork for improving Southwestern grasses and grassland man¬ 

agement. The project has two objectives: to determine chemical dif¬ 

ferences among selected strains of important Southwestern forage 

grasses, and to discover seasonal chemical changes in single plants. 

Grasses to be studied will include: side oats grama, a species said to 

offer the best chance of being a good Southwestern domesticated hay 

and forage grass; plains bristlegrass, providing green forage over a 

longer period than other species and better forage at all times; curly 

mesquite grass, a drought-resistant species making up about 80% of 

Edwards Plateau forage and also appearing in southern and north- 

central Texas; Andropogon ischaemum^ a species showing promise in 

Texas; and Stipa leucotricha, one of the few native winter forage 

grasses in Texas, covering much of central Texas from the Bio Grande 

to Red River, a good seeder, and coming in rapidly in overgrazed 

pastures. 
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The new investigations are based on collections, observations, and 

studies that have been going on at The University of Texas for about 

seven years. Chemical composition data will be correlated with studies 

of grass physiology, cell functions, genetics, anatomy, and breeding. 

★ ★ ★ ★ 

Dr. Ignacio Bernal, who was Visiting Professor of Anthropology at 

The University of Texas in 1954, has been appointed Cultural Rep¬ 

resentative at the Mexican Embassy in Paris, France. Dr. Bernal has 

resigned his position as Secretary of the Escuela Nacional de Antro- 

pologia e Historia in Mexico City. 

★ ★ ★ ★ 

The Schlumberger Foundation of Houston has provided funds for 

two $500 scholarships at The University of Texas for 1955-56. Can¬ 

didates for these scholarships must be junior or senior full-time stu¬ 

dents in electrical, mechanical and petroleum engineering, or physics, 

or geology. They must complete at least ten semester hours in the 

study of electricity. 
★ ★ ★ ★ 

On May 19-21, the Panhandle Geological Society sponsored a field 

trip which began at Boise City, Oklahoma, and ended at Canon City, 

Colorado. On May 19, the group studied the Dry Cimarron River Val¬ 

ley from Kenton, Oklahoma, to Capulin, New Mexico; on May 20, 

the outcrops around Trinidad, Colorado; and on May 21, the Front 

Range of the Rocky Mountains from Trinidad to Canon City, Colorado. 

★ ★ ★ ★ 

The Department of Bacteriology at The University of Texas has 

received a grant of $4,500 from Swift and Company for the investi¬ 

gation of growth and resistance of bacteria which live at high tempera¬ 

tures. Dr. O. B. Williams and Mr. Sterling K. Long will conduct the 

research. 
★ ★ ★ ★ 

Dr. Hilda F. Rosene, of the Department of Zoology of The Univer¬ 

sity of Texas is Chairman of the Physiological Section of the Botanical 

Society of America for 1955. 

★ ★ ★ ★ 

W. Armstrong Price has returned to Corpus Christi to re-enter the 

oil business as an independent geologist and operator where he will 

office with John F. Stokes, engineer, geophysicist and operator. Price 

taught geological oceanography and Pleistocene geology at the A. and 

M. College of Texas from 1949 to 1954 and remained until this spring |' 
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to continue his coastal research under the auspices of the Geography 

Branch, Office of Naval Research and the A, and M. Research Foun¬ 

dation. Price’s office in Corpus Christi is at 819 Wilson Tower. 

★ ★ ★ ★ 

In ceremonies attended by representatives from 350 U. S. colleges 

and universities, Dr. Willis M, Tate was formally installed as the fifth 

president of Southern Methodist University. 

Most of Dr. Tate’s boyhood was spent in San Antonio, where he was 

graduated from High School. He is an alumnus of SMU, taking the 

Bachelor of Arts degree from the university in 1932 and the degree of 

Master of Arts, in sociology, in 1935. He has done additional graduate 

work at The University of Texas and at the University of Chicago and 

has long been active in civic and church functions. 

★ ★ ★ ★ 

The University of Texas will build a pilot plant for removing radio¬ 

active wastes with algae and for facilitating treatment of other waste 

matter with algae-bacteria processes. Dr. Earnest F. Glo3ma of the 

School of Engineering is in charge of the project. 

The Atomic Energy Commission will provide $17,820 for the proj¬ 

ect, expected to clear up engineering problems in the disposal system 

before it is adopted on a full scale by industry and government. 

★ ★ ★ ★ 

The first state-wide conference on improvement of science teaching 

will be held October 6-8 at The University of Texas. 

Also expected to attend the “Work-Conference for the Advancement 

of Science Teaching” are teachers from other nearby states—Louisi¬ 

ana, Mississippi, Oklahoma, Arkansas, New Mexico and Kansas. 

Dr. T. W. Munch, University of Texas assistant professor of cur¬ 

riculum and instruction, is in charge of local arrangements. 

★ ★ ★ ★ 

University of Texas geneticists, Marshall R. Wheeler and Wilson S. 

Stone, will expand their research to the Caribbean area and other parts 

of Latin America with a three-year, $34,500 grant from the National 

Science Foundation. 

The award will finance collection of new specimens and living 

strains of tiny fruit flies of the Drosophilae which offer simplified clues 

to inheritance and evolutionary characteristics in all living organisms. 

★ ★ ★ ★ 

Leonard Sinclair Hobbs, 1916 graduate of Texas A. and M. College 

and 1954 winner of the Collier Trophy in aviation, and John Hayne 



354 THE TEXAS JOURNAL OF SCIENCE 

McLeod, 1908 graduate of the college, now dean of the College of Ag¬ 

riculture and Home Economics and director of the Agricultural Ex¬ 

periment Station and Agricultural Extension Service of the University 

of Tennessee, were recipients of degrees of Doctor of Laws at the 

college’s commencement exercises on May 27. 

★ ★ ★ ★ 

The American Society of Refrigeration Engineers has provided 

$1,000 for the study on sea-water reactions of freezing temperatures 

to be directed by The University of Texas Engineering Dean W. R. 

Woolrich, Dr. Ryron E. Short and Associate Professor Rurnett Forrest 

Treat. 

The basic information may aid scientists working with blood 

plasma, which has a content similar to sea water, and others studying 

industrial processes involving sea water. 

★ ★ ★ ★ 

Dr. T. S. Painter, University of Texas zoologist and former Uni¬ 

versity president, is a new member of the National Academy of 

Sciences Council. 
★ ★ ★ ★ 

An outstanding library of engineering books, documents and maps, 

totaling more than 13,500 pieces, has been presented to the Texas 

Engineers’ Library at Texas A. and M. College, by Mrs. J. F. Spring- 

field of Austin. 

Collected by the late Mr. Springfield, civil engineer, widely known 

throughout the state as a utilities expert, the material is the result of a 

lifetime of gathering and preserving engineering materials, chiefly 

federal and state documents. The painstakingly gathered collection 

includes important sets of the United States Geological Survey bul¬ 

letins, monographs, water supply papers, mineral resources, profes¬ 

sional papers, annual reports and geologic folios. 

★ ★ ★ ★ 

Stockpiling of lithium ore for the new American Lithium Chemicals, 

Inc., plant at San Antonio, Texas, was begun this month according 

to an announcement by American Potash & Chemical Corporation of 

Las Angeles, which owns 50.1 per cent stock in the lithium company. 

Construction of the plant is proceeding on schedule, with completion 

planned for December 1, 1955. 

★ ★ ★ ★ 

Sixteen students have been admitted to The University of Texas 

Graduate School to begin next fall a new program leading to the Mas¬ 

ter of Science in Nursing degree. 
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The University of Texas is one of six higher institutions in a new 

southern regional project for graduate education in nursing to prepare 

teachers, supervisors and administrators for nursing schools and hos¬ 

pitals. Already being offered at Texas is a nursing service administra¬ 

tion program leading to the master’s degree. 



Affairs of the Texas Academy of Science 

The 1955 annual meeting will be in Waco on December 9 and 10. 

Dr. Cornelia Smith, Baylor University, Waco, Texas, who is chairman 

of local arrangements, and Dr. John Finerty, University of Texas 

Medical Branch, Galveston, Texas, who is executive vice-president, 

are in charge of the overall arrangements while the sectional vice- 

presidents, Section I, Physical, Dr. J. R. Couch, Texas A. and M. Col¬ 

lege, College Station, Texas; Section II, Biological, Dr. D. W. Craik, 

Hardin-Simmons University, Abilene, Texas; Section III, Social, Dr. 

H. T. Manuel, University of Texas, Austin, Texas; Section IV, Geolog¬ 

ical, Dr. F. E. Lozo, Shell Oil Company, Houston, Texas; Section V, 

Conservation, Dr. Clark Hubbs, University of Texas, Austin, Texas, 

are organizing the special scientific programs. 

★ ★ ★ ★ 

The annual regional meeting of the South Texas Division of the 

Texas Academy of Science was held in Brownsville, April 15-16, 

with Texas Southmost College as host. 

Dr. Dale F. Leipper, head of the Department of Oceanography at 

Texas A. and M. College, was a guest speaker at the dinner meeting 

held Friday evening, April 15th. Dr. Leipper, who is also President of 

the Texas Academy of Science, based the subject of his talk on “Science 

and the Seas.” 
★ ★ ★ ★ 

The preceding issue of THE TEXAS JOURNAL OE SCIENCE, 

Vol. VII, No. 2, June, 1955, was mailed from Austin, Texas, on June 

3d, 1955. 
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J. BRIAN EBY PETTY GEOPHYSICAL S 
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Ph. CH-4776 Houston, Tex. 317 Sixth St. San Antonio, Texas ^ 
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Horvitz Research Laboratories Prospecting for Petroleum * 
Houston, Texas 

Ph. KE-5545 3217 Milam Street 
DALLAS, TEXAS [ 

MICHEL T. HALBOUTY H. KLAUS ! 
Consulting 

Geologist and Petroleum Engineer 

1 Shell Building 

Houston 2, Texas Phone PR-6376 

Geologist 

KLAUS EXPLORATION COMPANY | 
Lubbock, Texas < 

D’ARCY M. CASHIN Consulting Geologists < 

Geologist Engineer 
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) Houston 2, Texas 
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DALLAS 6, TEXAS ( 

: WILLIAM H. SPICE, JR. SAMPLE AND CHILDERS < 
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Houston 2, Texas ‘ 

! HERSHAL C. FERGUSON JOHN L. BIBLE ' 
> Consulting Geologist and Paleontologist 

'> Esperson Building 

Tidelands Exploration Co. ( 

Seismic & Gravity Surveys ^ 

) HOUSTON, TEXAS on land and sea ^ 

^ 825^^ Gravier Street New Orleans, La. 2626 Westheimer Houston, Texas ( 



Professional Directory 
Continued 

S. RUSSELL (PAT) CASEY, JR. 

' Pelroleum Managenienl Company 

C Electric Building 

( Phone CH-1622 

C Houston, Texas 

LOCKWOOD & ANDREWS 

Consulting Engineers ? 

Houston \ 

DALE SHEPHERD, C. L. U. 
and Associates S 
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Connecticut Mutual Life Insurance Co. ( 
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C. H. Broussard, Vice President of 
Independent, started out as a helper 
for IX ISVz years ago after attend¬ 
ing LSU and Georgia Tech. He has 
progressed through every job in the 
exploration field including computer, 
party chief, review department head, 
and chief geophysicist. He has a total 
of 17 years experience in geophysical 
work. 

Experience, Equipment and Modern Techniques 

are the keys to your Expioration Success 

Independent Exploration Company has contributed 

generously to the development of new equipment and 

modern techniques during the 20 years in which it has 

served the oil industry. 

Now one of the oldest and most experienced explora¬ 

tion contractors in the business, Independent believes 

that experienced Party Chiefs hold a key to your 

exploration success. Independent’s crews under the su¬ 

pervision of Party Chiefs with an average of 16 years 

service, have served more than 100 important oil 

producers. 
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Cover Picture 

This burial containing five human skeletons was uncovered by 

archeologists at the Sanders site, a prehistoric Caddoan Indian village 

in Lamar County, northeastern Texas. This village, believed to have 

been in existence between 800 and 1200 A. D., is one of several com¬ 

prising a cultural unit known as the Sanders Focus. A reasonably 

stable means of livelihood, based principally on agriculture, enabled 

the '‘Sanders people” to devote much of their leisure time to the 

development of arts and crafts and elaboration of ritualistic activities. 

There are indications of highly developed ceremonies, with an 

emphasis on burial of the dead. Large earthen mounds were con¬ 

structed for the burial of important persons, and copious offerings 

were placed in the grave with them. 

The Texas Archeological Society has just published a 582-page 

volume on the prehistory of Texas: Suhm, Krieger, and Jelks, An 

Introductory Handbook of Texas Archeology. This work summarizes 

what is now known about the 45 distinct Indian cultures recognized 

in Texas, presenting data on economic habits, types of settlement, 

weapons, household implements, ornaments, clothing, burial customs, 

and other traits. The volume also contains detailed descriptions of 

75 types of pottery and 80 types of projectile points, and these type 

descriptions are accompanied by 134 pages of illustrations. Inquiries 

concerning this volume, the first of its kind in the state, may be ad¬ 

dressed to the Secretary-Treasurer, Texas Archeological Society, 

University Station, Austin, Texas. 
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The Social Organization of the Coahuiitecan' Indians of 

Southern Texas and Northeastern Mexico 

by FREDERICK RUECKING, JR. 

University of Michigan 

Three previous papers have dealt with specific patterns of Coahuii¬ 

tecan culture (Piuecking, 1953, 1954a, 1954b). This paper presents 

data on Coahuiitecan social organization, and it also includes data on 

specific culture traits that cannot be properly placed in other culture 

patterns. 

The following subdivisions are used: ornamentation, the life cycle, 

the kinship system, warfare, religion, and miscellany. Each of these 

general topics contains more specific subdivisions. As indicated in 

previous papers, the area designated as Coahuiitecan constitutes a 

sub-culture area. The cultural variation within this sub-culture area 

is not great, but specific differences have been pointed out in this 

paper. The standard procedure of citation would needlessly consume 

space and time and would be largely repetitive. Therefore, the method 

used in the first paper of this series has been followed (Ruecking, 

1953). Abbreviations are as follows: 

AR Alessio-Robles, 1938 P Portillo, 1888 

Ba Balcarcel, 1675? R Ruecking, 1953 

Be Beals, 1932 Ra Ruecking, 1954a 

Bo Bolton, 1916 Sj Sjoberg, 1953 

Co Cossio, 1925 SM Santa Maria, 1929 

Fo Forrestal, 1930 Sw S wanton, 1940 

Ga Garcia, 1760 Ta Tous, 1930a 

L Garcia, 1905 Tb Tons, 1930b 

Gt Gatschet, 1891 

ORNAMENTATION 

A few descriptions of Coahuiitecan styles of ornamentation have 

been found in Spanish documents. Some refer to bands of general 

areas, but others are given for specific bands. Whenever possible, a 

distinctive style is associated with a specific band, and an illustration 

of each particular style is given (Fig. 1). To achieve a more cohesive 

357 
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Fig. I. Styles of Coahuiltecan ornamentation 
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presentation of the data, the discussion of ornamentation has been 

organized on an areal basis (Tamaulipas, Nuevo Leon, Coahuila, and 

Texas). A general statement concerning areal styles, if available, is 

given first, followed by specific descriptions of band ornamentation. 

Generalizations concerning the entire Coahuiltecan area are presented 

in the conclusion. 

Tamaulipan Area. Tamaulipan bands practiced tattooing and body 

painting (SM). Styles of ornamentation varied from band to band 

and apparently according to the specific occasion. Tamaulipan men 

were tattooed on the face and body; women were tattooed on the face 

and breasts (SM). This was said to have been a sexual distinction, but 

it is possible that this “sexual distinction” actually indicated marital 

status or prestige. 

The face was “excessively tattooed,” indicating the band affiliation 

of the individual (SM). It is reported that Tamaulipan men covered 

their bodies with mud and allowed the hair to fall over their faces, 

concealing the band insignia when preparing for battle (SM). It is 

also reported that preparations for battle also involved painting the 

body (SM). These conflicting statements from the same source may 

not represent cultural variation among Coahuiltecan bands of Tamau¬ 

lipas. Instead, these statements may indicate a difference between the 

Coahuiltecans of northern Tamaulipas and certain non-Coahuiltecan 

groups of southern Tamaulipas. 

Peace-making activities and dances called for special decoration 

(SM). The body was painted with stripes of various colors, usually 

red, black, white, or blue (SM). These colors were made from red 

ochre, charcoal, gypsum, and a wild indigo plant, respectively (SM). 

A resinous substance was applied to the hair, worn long by both sexes, 

and the tail feathers of turkeys or parrots were laid on this adhesive 

substance (SM). Other items were added to the costume, including 

bracelets, anklets, and necklaces (SM). Small ringlets of bone or shell 

were worn through the nose and ears (SM). The nose and ears may 

have been pierced during puberty rites. 

Nuevo Leon Area. The Indians of Nuevo Leon wore their hair long 

and tied it at the nape of the neck with a deerhide thong (Fig. la) 

(L). Apparently both men and women wore their hair long. Length 

seems to have been determined by individual preference (L). Some¬ 

times it reached the level of the hips, but occasionally it was long 

enough to reach the ground (L). Many had a frontal bald spot (prob¬ 

ably artificial) which varied in size from band to band (L). 
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The face was heavily tattooed, suggesting that Santa Maria’s band 

insignia tattooing may have been present in Nuevo Leon. Body paint¬ 

ing was present (L). Styles ranged from long, straight stripes to long, 

undulating ones (L). These variations were said to have been slight 

(L). Specialized decoration based upon marital classification was as¬ 

sociated with the ifx^’-complex (L, Ra). Married persons used red 

ochre on their hair; unmarried persons used another, different 

decoration (L). 

Ornaments were attached to the ear, nose, and lower lip (L). Sticks, 

feathers, and bones were inserted in these openings (L). No indication 

is given as to the presence or absence of necklaces, anklets, and brace¬ 

lets. There is no indication as to when the nose, ear, and lip were 

pierced. Possibly this occurred during puberty rites as suggested 

above. 

The Kalvo (Fig. la) had a large bald spot on the frontal part of the 

head which extended to the crown (L). This bald area was tattooed 

with several lines which joined those on the nose (L). Thus, the tattoo 

lines of the Kalvo extended from some point on the nose, possibly the 

tip, to the crown of the head. 

Coahuilan Area. No general descriptions of areal styles have been 

found; but fortunately several band styles are reported, helping to 

overcome this lack of generalization. Some Lagunero bands (of south¬ 

ern Coahuila) painted a skull on their faces with tears on its cheeks, 

when they were mourning the death of a relative (P). This decoration 

was ceremonial among the Lagunero; but since the ceremony associ¬ 

ated with this special decoration seems to have been more general than j 
Alegre (1841) specifically says, it appears likely that the decoration | 

was more widespread also. Presumably other forms of body painting I 
were used. I 

Juan de la Cruz, chief of the Bobole, had a cross painted on his chest j 
to show that he was a Christian (Ba). Members of the Colorado band | 

had a certain tattoo mark which seems to have indicated band affili- j 
ation. A single line was tattooed on the forehead, extending to the nose ! 

(Bo). In addition, a “peculiar” mark resembling a nail (clavo) was i 

tattooed on the cheek above the beard line (Fig. lb) (Bo). 

Bosque reports that a Spanish boy, a captive of the Kwacicil had 

been extensively tattooed, presumably with the band insignia. The boy 

had a single line tattooed on his forehead, like that of the Colorado 

(Bo). A single line circle was tattooed on each cheek, but the precise 

location is not given (Fig. Ic) (Bo). The boy’s left arm was tattooed 

with several rows of marks and the right with a single row (Bo). | 
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The war costume of the Resale consisted of body painting and head- 

wreaths (Bo). The stripes on the body were numerous, and the colors 

used were red, yellow, and white (Bo). A mesquite leaf headwreath 

was worn over which feathers were laid (Bo). Some warriors wore a 

headwreath fashioned from other plants (Bo). 

Texas Area. Little specific data exist for the Coahuiltecan bands 

of Texas, but inferences concerning the presence or absence of some 

traits can be drawn from available linguistic data. The Comecrudo 

word pakawai is said to mean “to paint” or “to tattoo” which indi¬ 

cates that one or both traits may have been used. The band name 

pakaiva seems to be an obvious variation of this Comecrudo word, 

indicating that perhaps body painting or tattooing or perhaps both 

were used by this band. A Cotonam word for “painted,” which desig¬ 

nated the same band, seems to support this belief (Sw). 

Espinosa says that members of the Siamomo and Tasonibi bands 

had a single line on the forehead, extending from the nose to the hair¬ 

line (Tb). This line may have been tattooed, but Espinosa does not 

specifically say so. Many of these people, according to Espinosa, had 

a single line around the mouth; others had a stripe around the neck, 

resembling a necklace (Tb). These latter two variations may have 

been painted rather than tattooed, but Espinosa again fails to clarify 

this point (Tb). A composite of these features has been shown (Fig. 

Id). 

Apparently the stripe across the forehead and the one around the 

mouth were the most common among these two bands (Tb). Espinosa 

indicated that the line around the neck was variable, presumably ac¬ 

cording to individual whim (Tb). The line around the mouth might 

represent the band insignia. 

THE LIFE CYCLE 

While the data recorded for the life cycle appears extensive, there 

are some important unelaborated points. Some of these can be inferred, 

but others cannot. Puberty rites, for example, are not described, nor 

are food restrictions mentioned for specific crises of life. The sources 

strongly suggest the presence of puberty rites, but none furnishes a 

clue as to dietary restrictions. The activities and games of childhood 

are only alluded to and very sketchily described when mentioned. 

Birth. Restrictions governed the behavior of a pregnant woman. She 

was not permitted to carry heavy loads which might endanger her 

health (L). She was expected to exercise vigorously, but not strenu¬ 

ously (L). Restrictions were applied to her husband. During periods 
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of pregnancy, the husband was not supposed to have sexual relations 

with his wife (L). This restriction also applied to menstrual periods 

(L). 

A pregnant woman left the village with a few friends when labor 

began (SM, L). Leon reports that in Nuevo Leon the w'oman selected 

a suitable place, and she kneeled and let her buttocks rest against the 

ground, reclining slightly in this position (L). Apparently this was 

the culturally accepted position for childbirth. The woman raised her¬ 

self slightly to allow the placenta to fall (L). Leon specifically says 

that the umbilical cord was cut but not tied. 

When water was available, the mother and infant were immediately 

bathed (L). If no water was nearby, the mother and child were es¬ 

corted back to the village and bathed there (L). Before returning to 

the village, the placenta was thrown on a cactus (L). If, however, the 

child was stillborn or died shortly after the birth, the placenta was 

placed in a fire and burned (L). 

In Tamaulipas one of the women accompanying the mother re¬ 

turned to the village to tell the father the good new^s (SM). To express 

his joy, the father ran and leaped about for a short time, but later 

he retired to his pallet (SM). His friends came to congratulate him 

and to tell him to get well (SM). In Nuevo Leon the father retired to 

his pallet and received visitors while the mother searched for food (L). 

He remained in his hut for a period of eight to ten days before return¬ 

ing to the duties of everyday life (L). Among the Lagunero a man 

remained in his hut for five or six days, abstaining from meat lest his | 

hunting prowess suffer (P). At the end of this period a shaman entered I 

the hut, took 

the fast (P). 

Occasionally childbirth was a source of tragedy to the Coahuiltecan 

father, and the belief system had a great influence on the actions of 

the people at such times. In Tamaulipas if a newborn infant were 

deformed or in any way defective, the child was buried whether living 

or not (SM). If twins were born, the better formed of the two was 

selected and the other buried (SM), If the mother died during child¬ 

birth, the women who had accompanied her returned to the village 

("SM). With shouts and anguished cries they told the husband of the 

tragedy (SM), and with equal display of emotion the husband, ac- I 

companied by some of his friends or relatives, hurried to the scene 

(SM). A grave was dug next to the woman’s body, which was buried 

along with the child, even if the child were alive and well (SM). 

him by the hand, and led him outside, thereby ending 
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Childhood. Apparently, an infant was never far from its mother. 

A woman carried a child across her back with the arms of the child 

looped around her neck and the feet hanging free (L). Men carried 

children in a similar fashion, except that the child rested against the 

chest (L). A child was picked up or lowered to the ground by one 

arm (L), 

At an unspecified early age children began their education and dis¬ 

ciplinary training. They were taught to imitate the agile movements 

and “violent contortions” of their parents, and among the bands of 

Tamaulipas both boys and girls were taught the use of the bow and 

arrow through miniature weapons scaled down to size (SM). Older 

boys of Tamaulipan bands were taken on hunting expeditions (SM). 

They served as lookouts for game, and they learned various hunting 

techniques (SM). They learned to set traps, to conceal pitfalls, and to 

mimic the cries of animals (SM). It seems probable that they learned 

to make their own tools and weapons. At the same time girls were 

probably learning the various activities they would practice after mar¬ 

riage. The games that children played were probably fundamentally 

the same as those of the adults. 

Parental respect and disciplinary measures of obtaining it seem to 

have been absent, if one believes the Spanish sources. According to 

Leon, children of Nuevo Leon bands did not show respect for their 

elders and struck them repeatedly, if the older people happened to be 

drunk (L). Leon states that adults treated children in exactly the same 

way. Other references indicate that age was an important cultural 

factor in Coahuiltecan society; thus it seems likely that Leon’s report 

of prank-playing and lack of respect on the part of the children may 

represent a description of some form of a joking relationship obscured 

by Spanish value judgments. 

Puberty. The approach of the first great change in life seems to have 

been marked by a specific ceremony to introduce children into the 

adult society. One of the purposes of a certain undescribed ceremony, 

according to Spanish sources, was to create in the children an ability 

to withstand physical pain and suffering (SM). The occurrence of a 

boy’s first successful hunting expedition was marked by a ?rg -complex 

ceremony (SM). Children of both sexes in Tamaulipan bands were 

tattooed in a special ceremony, which is not described (SM). These 

statements plus the fact that the tattooing preparation was closely 

supervised (presumably by a shaman) are the reasons for attributing 

a puberty rite to the Coahuiltecans. It seems likely that this rite was 

closely associated with the ^r^ -complex. 
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According to Santa Maria, the bodies of the children were rubbed 

with herbs which had a “cooling effect.” Then long, shallow incisions 

were made on their bodies, and the children were required to be 

silent and stoic while this was going on (SM). A tattooing preparation, 

consisting of charcoal mixed with resin, was mbbed into the open 

wounds which, after healing, left distinct marks on the body (SM). 

References are made to scarification among bands of Nuevo Leon, 

but tattooing is not associated (L). It seems probable that tattooing 

took place only once, and that this was during the pubery rites. 

Marriage. Marriage among the Coahuiltecans was an arrangement 

between a man and a girl’s parents. Among the bands of Nuevo Leon, 

a woman was allowed to refuse a marriage arrangement if it was not 

to her liking, and her decision was final (L). The man had to present 

ceremonial gifts to the woman’s parents; such gifts included meat, 

guns, powder, and horses (L). The last three items were probably not 

extensively used. Whenever meat or hides constituted the gift, these 

items had to represent the personal endeavors of the suitor (L). This 

may indicate that these gifts constituted proof of a man’s ability to sup¬ 

port a wife. 

The woman’s parents always accepted the gifts, but this did not 

commit them to a specific decision. A ritual was performed to indi¬ 

cate acceptance or rejection of the man’s proposal (SM). If meat was 

the ceremonial gift, the woman’s parents cooked it (SM). If they then 

asked the man to join them, this action constituted acceptance. Failure 

to invite the man to join them was the only indication given that his 

proposal was not accepted (SM). Similar devices were probably used 

for other gifts. 

Marriages were sometimes arranged between persons of different 

villages. When this was done, the same ceremonial gift-giving seems 

to have been present. Affirmation of the suit brought about feelings of 

friendship and alliance between the two villages (SM). Negation of 

his suit might signalize a war (SM). A rejected suitor hastened to re¬ 

turn to his own village, because his life might be in danger (SM). 

Premarital chastity does not appear to have been emphasized in 

Coahuiltecan society, but the concept was not absent. When a man 

wished to marry a maiden, ceremonial gifts were given to her parents 

(SM). Affirmation of the suit led to a second ritual. The boy and girl 

were required to spend several days in the nearby woods, not receiving 

any help and not seeing each other (SM). The parents hovered nearby 

to make certain that these requirements were met (SM). At the end 

of an unspecified period the parents left the wood; and when the 

l; 
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couple returned to the village, the marriage was officially sanctioned 

(SM). 

In certain instances divorce was possible, but the causes are not 

known. A man desiring a divorce simply removed his wife’s clothing 

and threw her from the house (L). Although Leon reports that a 

woman could be with one man one day and another the next, this does 

not seem to signify frequent divorce. Without realizing it, Leon may 

have been reporting the sororate or levirate. A woman could divorce 

her husband by simply walking out of the house while he was gone. 

Death and Burial. Among the Lagunero bands, relatives cried over 

the dead for several days, singing and dancing around the grave (P). 

With great shouting and cries they related the virtues and deeds of the 

deceased (P). At this time they painted a skull on their faces with 

tears shown on its cheeks (P). This may have been a symbolic re¬ 

emphasis of their sorrow. 

Women greatly mourned the loss of a relative, and among bands 

of Tamaulipas and Nuevo Leon, mourning was expressed overtly. 

Hair was torn from the crown of the head with both hands, and the 

remainder was cut short (SM, L). Frequently, mourning women 

would throw themselves on the ground, and, while rolling around, 

slash themselves superficially with knives (SM, L). According to 

Leon, men did not pull out their hair, but did slash themselves with 

knives. 

According to Santa Maria, a woman left the village with some 

friends and journeyed to a secluded area near the village. She tore the 

hair from her head until there was none left (SM). Only the eyebrows 

and eyelashes were left intact (SM). Leon says that in Nuevo Leon 

the head hair was not completely torn out, but that the remainder 

was cut short. As her hair was cast aside, she burst out in shrieks that 

were echoed by her companions (SM). The woman remained away 

from the village for several days (SM). When she returned to the vil¬ 

lage, her period of mourning was over and she was free to marry 

again (SM). 

If a woman suffered the loss of a relative due to an epidemic which 

made it necessary for the village to be moved, the same mourning rite 

took place. The woman followed a parallel route to that being taken 

by the main village group (SM). She stayed away from this traveling 

group until the required period ended (SM). Presumably, the amount 

of time that a mourning woman was absent and the amount of hair 

torn from her head were direct indications of the extent of her grief. 
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The similarity of Tamaulipan and Nuevo Leon practices in mourn¬ 

ing indicates that this form of mourning was general in the Coahuilte- 

can area. Variations noted above seems to indicate superficial variation 

between bands within that area. 

Beliefs were important items during this crisis of life. The only way 

to prevent the death of a sick relative, among Nuevo Leon bands, was 

to choke to death a small child who was closely related to the invalid 

(L). Other bands are reported to have believed that they would die 

if they saw one of their relatives die (L, P). Among Lagunero bands, 

this possibility was avoided by burying the person before he breathed 

his last (P). 

The dead were buried away from the village, and bands of Nuevo 

Leon concealed the grave by a covering of brush or cactus (L). Oc¬ 

casionally a picket fence was erected around the grave (L). Inhu¬ 

mation was not practiced to the exclusion of cremation. In some un¬ 

specified and undescribed cases, the Coahuiltecans cremated the dead 

and buried the ashes (L). 

Lagunero Post-Death Ceremony. A post-death ceremony is men¬ 

tioned only for the Lagunero bands of southern Coahuila (P). Avail¬ 

able data make no reference to the presence or absence of this cere¬ 

mony among bands of Nuevo Leon, Tamaulipas, or Texas. Vaguely 

similar ceremonies supposedly took place among the Karankawa and 

the Tonkawa of Texas (Gt, Sj). The description of the Lagunero cere¬ 

mony seems to have been more areal than connected with any one 

specific group. This is especially true as several Coahuiltecan bands 

are frequently mentioned with the Lagunero. It seems likely that this 

ceremony was more widespread than the data specifically state. It is 

possible, on the other hand, that among Coahuiltecan bands such a 

ceremony was closely connected with the ^z^ -complex. 

According to Portillo, a ceremony was held on the first anniversary 

of the death of a householder (P). Relatives left the house at nightfall, 

sobbing and singing sad songs (P). An old woman, possibly a shaman, i 

was included in the procession, and she carried the most powerful j 

(magically?) deer head of the deceased’s collection (P). The woman : 

placed the deer head on a pyre on top of some arrows; she spent the 

night singing and dancing around the pyre (P). At sunrise the pyre 

was ignited and allowed to burn completely (P). Relatives apparently 

did not take part in the ceremony, but were required to watch. 

THE KINSHIP SYSTEM 

Most of the statements concerning the family and specific marriage 

forms are inferred. It should be pointed out that these inferences are 
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based upon strongly suggestive evidence. The kinship terminology and 

accompanying sketches (Figs. 2 and 3) are derived from Garcia’s 

ManuaL The kinship terms recorded in this paper follow the system 

recently proposed by Gleason (1953—1954). 

The Household and the Family, A household was probably com¬ 

posed of parents and their unmarried children. Presumably, an indi¬ 

vidual remained in his parent’s house until marriage. Partilocal resi¬ 

dence is indicated for the major part of the Coahuiltecan area (SM, 

L, Ga). It seems likely that the Coahuiltecan family was conceptually 

different from that of Western Europe. The Coahuiltecan family was 

a consanguineous unit which included many relatives not included in 

the family unit of Western Europe. The extent of the Coahuiltecan 

concept of the family is indicated by Leon’s remark that villages in 

Nuevo Leon were frequently composed of members of one 'lineage” 

(L), Occasionally two or more families came together to form larger 

villages, but Leon notes that these were only temporary and that they 

separated along family lines. 

Many culture traits reported by Santa Maria and Leon, such as 

communal hunting, marriages between villages, and cooperative war¬ 

fare tactics may have been associated with particular village forma¬ 

tions.. As mentioned above, a man occasionally journeyed to another 

village to seek a wife; this may have been associated with a uni-lineal 

village, while village endogamy was associated with a poly-lineal 

village. 

The oldest male of each “lineage” was probably the director of 

family activities and would have been the civil authority when the 

village was uni-lineal. Presumably, some means of establishing civil 

authority in poly-lineal villages existed. Santa Maria reports that oc¬ 

casionally an old man was the headman of a village and that he was 

not a warrior. It is possible that a dual division of authority existed 

based upon civil and war activities. 

The mention of lineage and the apparent unified feeling may point 

to the presence of a sib or gens concept. In a recent paper several 

hundred band names were listed as Coahuiltecan, yet it is possible 

that some of these were not bands (Ruecking, 1954b). This is espe¬ 

cially true of certain Nuevo Leon and Tamaulipan names. There is a 

high frequence in the Carrizo-cluster of band names with similar 

endings, such as -apern, -pakam, and -panama. The interesting point 

to these names is that all names ending with -apem and -pakam were 

said to be allied with the Kadima band. Those ending with -panama 

were allied to another band, apparently the Enokoplo. The alliances, 
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identified as band-clusters, seem to represent a possible incipient tribal 

concept. If this is true, it seems equally possible that the afore¬ 

mentioned band names may represent the forerunners of a more 

elaborate social organization. 

The data reported for the Tonkawa has a direct bearing on this 

idea, since the Tonkawa did not acculturate as quickly. The name 

Tonkawa does not appear in the very early historic documents. In¬ 

stead, names of seemingly independent bands are given, and these 

bands seem to have been generally associated together under one chief. 

One conclusion seems inevitable: the groups mentioned in the early 

documents were not the clans of later times, but autonomous groups 

allied in much the same manner as described for the Coahuiltecan 

band-clusters. A tribal concept is never indicated in the documents, 

and it seems probable that some unknown, but important factors since 

the late seventeenth century led to cultural changes that caused the 

independent bands to become matrilineal clans and the band alliances 

to become tribes. The Tonka wan data in early times seems to be so 

similar to that of the Coahuiltecan that one wonders if the Coahuilte¬ 

can organization was not proceeding in a similar direction. 

Kinship Terminology. The terms given below have been taken from 

the Manual of Fray Garcia. This eighteenth century work provides 

considerable linguistic material for several Coahuiltecan groups. Ap¬ 

parently three dialects are represented in the Manual., the Coa- 

huilteco, the Rio Grande, and a third, which is here called the San 

Antonio. An examination of the material seems to point to consider¬ 

able similarity between the San Antonio and Coahuilteco, but the Rio 

Grande dialect seems to be slightly more divergent. As mentioned in 

another paper, these dialects represent specific areas of the northern 

section of the Coahuiltecan area (Ruecking, 1954b). The groups listed 

on the cover of the Manual can be segregated by areas and by band 

affiliation. This segregation clearly shows a division comparable to that 

contained in the data. 

The Tilijayas, Alasapas, and Mescales which Garcia lists were all 

located on or near the Rio Grande in early historic times. The Pacaos 

and Pacoas lived near the present site of San Antonio. All the other 

bands were aboriginally located between the Nueces and San An¬ 

tonio rivers, near the coast. This distribution agrees with the linguistic 

data and provides a means of assessing the similarities in kinship 

terminology between these districts. To demonstrate the degree of 

similarity, the following symbols have been used: C, the Coahuilteco 
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of Central South Texas; RG, the Rio Grande dialect of northern Nuevo 

Leon and Coahuila; and SA, the San Antonio dialect. 

Grandparent class terms. 

C 
C 
C 
C 

C 
C 
c 
c 

napuka-1 
naka’ka 
nakwa'n 

naki's 
eaxa* 
nakwanta'n 

namata’n 
nacata'n 

Parent class terms! 

nama'ma C 
nata'nage’ C 

nata'i C 
naleis SA 
nacawa’s RG 
napa’m C 
napalu'm C 

nakv/i" C 
naxwe' 

Sibling class terms: 

naxata'l C 
nakwanita"p C 
namaca'n C 

namakuca“n C 
natai C 
naca'al C 
nayata'n C 
nacuca’n C 

Uncle class terms: 

father’s father, 
father’s mother. 
mother’s father; also a man’s wife’s father, 
mother’s mother; also a man’s wife’s mother, 

son’s child. 
a man’s daughter’s child, 
a woman’s daughter’s son. 
a woman’s daughter’s daughter. 

a man’s father, 
a v/oman’s father. 
mother; also apparently father’s mother occasionally. 

a woman’s (and man’s?) mother. 
a woman’s (and man’s?)«mother. 
son; also apparently son’s child occasionally, 
a man’s daughter. 

a woman’s daughter. 
a woman’s child. 

a man’s older brother, 

a woman’s older brother, 
a man’s younger brother, 
a woman’s younger brother, 
a man’s older sister, 
a woman’s older sister, 
a man’s younger sister, 
a woman’s younger sister. 

nakocta’n C father’s younger brother. 
nakocta'n RG father’s younger brother. 

nako’u C father’s older brother. 
naxotad C father’s younger sister. 
namakita'n c father’s older sister. 

naca'l c mother’s younger sister; also a n 
older than wife or self. 

namicad RG mother’s younger sister; also a n 
younger than wife or self, 

mother’s older sister; also a man’s w 
than wife or self. 

nataxe C 

natais RG mother’s older sister; also a man’s 
than wdfe or self. 

namaki’s RG material aunt ( ?), 
nakutam C mother’s younger brother. 
nakwana”x c mother’s older brother. 
nakanta'n c a man’s older sister’s child. 
naxonta’n c a woman’s older sister’s son. 
naa'pxalsta-n c a woman’s older sister’s daughter. 
naa-pxata“n RG a woman’s older sister’s daughter. 
naxqo-u C a man’s younger sister’s child. 
nata’x C a woman’s younger sister’s child. 
natala- C a man’s older brother’s son. 

namixad C a woman’s older brother’s son. 

nacoxad c older brother’s daughter 

a man’s younger brother’s child, 
a woman’s younger brother’s child. 

nap’ad c 
naca’cxop c 
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Spouse class terms: 

naqau- 
nata'yagu- 

Cousin class terms: 

husband. 
wife. 

namamo'u C male first cousin, 
nama-moca’m C female first cousin. 

Either Garcia was not aware of a possible difference in terminology between parallel 
and cross cousins or these terms are those for cross-cousins, parallel cousins being called 
siblings. The second possibility seems probable. 

Parent-in-law class terms: 

a man’s father-in-law; also his mother’s father, 
a man’s mother-in-law; also his mother’s mother ( ?). 
a man’s mother-in-law; also his maternal aunt; his 

mother’s mother ( ?). 
a woman’s parent-in-law; also her daughter-in-law. 
son-in-law, 
daughter-in-law; also a woman’s parent-in-law. 

a man’s wife’s sister older than wife or self; also his 
mother’s younger sister. 

a man’s wife’s sister younger than wife or self; also his 
mother’s younger sister. 

a man’s wife’s sister younger than wife or self; also his 
mother’s older sister. 

a man’s wife’s sister older than wife or self; also his 
mother’s older sister. 

a man’s wife’s brother older than wife or self, 
a man’s wife’s brother younger than wife or self. 

Those in-law terms which also identify other relatives are appended with the verbal 
causative wako\ 

Stepparent class terms: 

napuxwa-i C 

nakwa-n C 

naki's C 
namakis RG 

naca-m C 
nayawa* C 
naca’m C 

Sibling-in-law class terms 

naca‘1 C 

namica‘1 RG 

nata‘ce C 

natais RG 

naa'pta-xa'i C 

nakwaco c 

stepfather, 

natapa'i C stepmother. 
Stepchildren are identified with corresponding child terms. 

These terms show general similarities whenever categories are 

mentioned for more than one dialect. There is also a close linguistic 

similarity between such terms. 

Kinship Practices. Early historic accounts frequently mention po¬ 

lygamy, but a definite form is seldom mentioned. Beals asserts that 

these statements may be taken as an indication of the levirate. It is 

equally plausible that sororal polygyny is indicated. One form of mar¬ 

riage is described, that of a man to a woman and her daughter (L). 

It is not known whether this marriage was simultaneous or successive. 

Other data furnished by the same source indicate that this form of 

marriage was not common, and probably the levirate or sororate, or 

perhaps both, account for this frequent mention of polygamy. 

Avoidance relationships are not stated. The kinship terms indicate 

that perhaps a man avoided his daughter-in-law, but did not avoid 

his father and mother-in-law. The terms a woman used for these 
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relatives seem to support this contention. One term naca m is used for 

daughter-in-law and parent-in-law. The use of a separate term for son- 

in-law may indicate that a woman did not avoid her son-in-law, 

thereby agreeing with the supposed male avoidance pattern. 

The presence of joking is indicated or implied in Leon’s reference 

to children playing pranks and adult reciprocity (“. . . siendo tan 

presto los hijos en burlas y veras a abofetear al padre y madre, como 

ellos lo podian hacer a sus hijos. . . .”) (L). The separate terms for 

wife’s brothers may indicate some form of a special relationship 

which may have carried joking privileges. This is also true of cross¬ 

cousins. 

Characteristics of the Coahuiltecan Kinship System. There are 

certain distinguishing features of the Coahuiltecan system which 

warrant mention. The first of these are the particular forms of desig¬ 

nation. These have been arranged (Table I) for convenient reference. 

Table I 

Terminological Distinctions 

Type of term Men 
Number of terms used 

Women Both Total 

Age and sex of relative indicated. . . 7 9 7 23 

Sex of relative indicated.......... 6 8 9 23 

Age of relative indicated. 2 0 0 2 

No distinctions indicated. 1 2 1 4 

Totals... 16 19 17 52 

It is clear that (1) age distinctions were important, (2) designation 

of the relative’s sex was necessary, and (3) non-distinctive terms 

were at a minimum. Almost half of the terms used by men were sex- 

distinctive reflexively; that is, the term used automatically implied the 

sex of the speaker. This is also true of the women’s terms. It may be 

concluded that a fourth characteristic exists; reflexive sex-distinction. 

These four characteristics may be ranked according to their relative 

importance (in number of terms) as distinguishing features of the 

system: (1) sex-distinction (46 terms), (2) reflexive sex-distinction 

(35 terms), (3) age-distinction (25 terms), and (4) non-distinctive 

merging (4 terms). This system, then, is a bifurcating, age and sex 

separating, sex-reflexive system. 

A second feature of this system is the in-law designations used by 

men (Fig. 2). A man’s wife’s sisters are raised a generation level and 



372 THE TEXAS JOURNAL OF SCIENCE 

designated as maternal aunts, making proper adjustments for relative 

age (Fig. 2). In accordance with this terminology, wife’s parents are 

raised a generation level and called maternal grandparents. Un¬ 

fortunately, the terminology for women is not complete, making a 

complete study of this merging impossible. The presence of a simul¬ 

taneous marriage with a woman and her daughter could necessitate 

such terminological adjustments. 

Mis/if SpeaMing 

Fig. 2. In-law +erminology. Closed circle, male; open circle, female. 

A third interesting feature is the terminology used for nieces 

and nephews (Fig. 3). As noted in the list of terms, there is only one 

term used by men and women, older brother’s daughter nacoxa l. Men 

distinguished by sex only the children of older brother. On the other 

hand, women distinguished by sex the children of older brother and 

older sister. A woman’s status in Coahuiltecan society was probably 

low, and age seems to have been important. Social custom may have 

required the recognition of sibling’s children in respect to both of 

these, the former being the more important. Thus a man would dif¬ 

ferentiate the children of his older brother, not bothering to do so for 

his older sister’s children because of status. A woman would be re¬ 

quired to differentiate by sex the children of both her older brother 

and older sister because of the age emphasis of the society. 

WARFARE 

The basic warfare pattern was much the same throughout the Coa¬ 

huiltecan area. Recorded variations exist in costume, decoration, and 

in methods of declaring war. Similarities exist in the cause of war. 
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preparations for battle, tactics and the victory celebrations. Coahuilte- 

can conflicts may be categorized as either “scheduled battles” or guer¬ 

rilla raids. Battles with distant bands involved a system of designating 

the time and place of battle, in effect “scheduling” the battle. Guerrilla 

raids were used against neighboring bands and the Spaniards, 

Fig. 3. Terms for siblings' children. Closed circle, male; open circle, female. 

Causes of Warfare, Causes were varied. In Tamaulipas, disputes 

over food-gathering privileges in particular areas, broken marriage 

arrangements, attempted theft of another man's wife by her relatives, 

dissatisfaction over the outcome of a ball game, and an accumulation 

of grievances at the hands of a specific band were causes of war (SM). 

Territorial trespassing and loss of a ball game led to war in Nuevo 

Leon (L). This was also true in Coahuila (P, AR). It is clear that 

Coahuiltecan warfare had social as well as economic motivations. 

It is reported that a man hastened to return to his own village if a 

marriage proposal was refused in another village (SM). The necessity 

for returning post-haste to his own village is not stated explicitly, but 

the implication is obvious: he might be killed. If he was killed, it seems 
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likely that war might have resulted. Warfare sometimes broke out 

because a marriage arrangement was broken (SM). This might rep¬ 

resent an act of vengeance for being rebuffed. Another tantalizing 

fragment of information is present. Santa Maria says that occasionally 

a man of a woman’s band would try to persude her to leave her hus¬ 

band or try to persuade her relatives to steal her back. In either case i 

war frequently broke out. Whether wars stemming from these causes 

constituted personal or communal punishment is not known. It might 

be pointed out, however, that if a woman’s relatives attempted to steal 

her from her husband, they would necessarily trespass with criminal 

intent. This might have constituted the rationale for going to war. 

Preparation for War. Since wars were fought at some distance from 

the village, it was often necessary to secure a sufficient supply of food 

to sustain the village during the absence of the men. It seems likely 

that communal hunting and gathering were associated with warfare 

preparations. Among the plants gathered at this time were certain 

unspecified herbs used in treating wounds. 

Logistics. When a battle was to take place a short distance from the 

village, a few warriors were left behind to defend the village against 

surprise attacks (SM). Whenever a battle was to take place at some 

distant point, the entire village was moved toward the site of the forth¬ 

coming battle. The village group, whether it remained stationary or 

was moved forward, is clearly identifiable as the “base of operations.” 

The “advance” toward the scene of action was apparently columnar 

and divided into two sections. The first consisted of the main body of 

warriors with an advance scouting screen (SM). These scouts were 

responsible for locating signs of enemy activity along the route of 

march (SM). The second section was composed of women, children, 

and old men with a rear-guard of warriors for protection (SM). Re¬ 

serve supplies of bows, arrows, food, drink, and peyote were carried 

by this section, presumably in cargo carriers (SM). This statement 

supports the contention that the village group was the “base of oper¬ 

ations.” Plants used for curing and coagulation were carried with the 

other supplies in order that the wounded might be quickly treated 

(SM). 

Tactics. When bands of Nuevo Leon entered an enemy area, they 

kindled a fire at least one quarter of a league from the actual sleeping 

place of the group (Co). This was supposed to confuse enemy ob¬ 

servers as to the precise location of the group (Co). No comment on 

the effectiveness of this artifice was given. 
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Frequently, several Tamaulipan bands combined forces to launch 

a surprise attack on another band (SM). Each band used a different 

route toward the enemy village (SM). Each kept in touch with the 

others by means of smoke signals (SM). These signals told the other 

bands the path being followed, when to speed up, and when to slow 

down (SM). Such signals seem to have been used to facilitate the ar¬ 

rival of all attacking elements at the village simultaneously. It may 

have also served as a deliberate and obvious warning to the intended 

victims. 

Presumably, a multiple band attack on another is associated with 

the division of forces into separate units (SM). Each unit may have 

been given a specific direction from which to attack. Possibly each 

band constituted a separate unit. Santa Maria mentions that opposing 

forces were frequently drawn up into battle lines. 

Special maneuvers were associated with “scheduled” battles. Upon 

entering the battle area, both sides became extremely cautious (SM). 

They made every effort to creep silently among the rocks and trees, 

concealing themselves at every opportunity (SM). Each warrior hid 

himself in a small ravine, behind a tree trunk, or behind a large rock, 

from which point he shot his arrows (SM). 

Battle. A general outcry was the signal for attack. Battles were de¬ 

scribed as skirmishes which were frequently quite bloody (L, SM). 

The defense, according to Santa Maria, was usually strong enough to 

repel the attack. During the fight both chiefs ran among their men 

shouting and giving encouragement (SM). They were frequently the 

first to fall in battle or to be captured by the enemy (SM). Gradually, 

the battle died down. During the ensuing lull, the battle consisted of 

name calling, hurling taunts and threats, and in some cases boasting 

(SM). Occasionally the reasons for the battle were shouted and echoed 

by furious yells from the attacking band (SM). Perhaps these people 

believed that threatening and taunting the enemy would weaken 

resistance. 

Women sometimes played an important part in the prosecution of 

a battle. If the men were hard-pressed by the enemy, women could and 

sometimes did take up arms and fight alongside the men (SM). They 

were said to display the same courage and boldness as the men and 

were sometimes responsible’for more destruction than the men (SM). 

During the battle with the Kakahtle, the Spaniards noticed a woman 

in the midst of the battle playing a flute to encourage the resistance of 

the men (Co). 
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Among the Tamaulipan bands, the battle theoretically ended and 

withdrawal began the instant that any warrior turned and fled (SM). 

In this case the opposing forces were not supposed to pursue the re¬ 

treating warriors (SM). Generally, however, a long lull in battle was 

followed by the withdrawal of one side. The lull occurred when mem¬ 

bers of the attacking group began to disagree as to the proper conduct 

of the battle (SM). Withdrawal from battle seems to have been based 

on the number of casualties. If casualties on one side were heavy, they 

could begin to withdraw from the battle area. The choice of pursuit 

or ending the battle rested with their opponents. If sufficient vengeance 

had been obtained, the withdrawing group was permitted to leave the 

scene without further fighting (SM). 

According to Leon, bands in Nuevo Leon fought for a considerable 

time. Whenever possible they attempted to wipe out the opposing 

forces, including women and children (L). It hardly seems likely that 

an opportunity for annihilating the enemy forces occurred very fre¬ 

quently, and therefore it seems probable that the Tamaulipan form 

of battle existed but was not reported. 

Victory and Its Celebration. Theoretically, among the bands of 

Tamaulipas, the group causing the retreat of its opponents was con¬ 

sidered the victor, but in actuality both sides considered themselves 

victors (SM). Returning to their respective villages, they filled the air 

with shouts of joy, telling of their great triumph (SM). If there were 

a number of casualties, every effort was made to prevent the enemy 

from moving the bodies of their comrades from the battlefield; these 

Tamaulipan bands, however, carried off enemy dead in preference to 

their own, when such a decision had to be made (SM). Removal of 

enemy dead was the crowning touch of victory, and as many bodies 

as possible were carried off (SM). Infrequently a band would take 

prisoners, as inferred previously. Presumably the Coahuiltecan con¬ 

cept of “captives” included the living and dead. 

The loss of a comrade was little mourned in contrast to the great 

joy expressed over having killed some of their enemies (SM). The 

rationale is reported as follows; 

Parece que entre ellos salvajes hallo completa acogida aquella sentencia 

de sabio gentil de que un enemigo para el mal es diez tanto mas que diez 

amigos para el bien (SM). 

This would indicate that the Tamaulipan bands considered the 

poorest enemy warrior to be ten times better than ten of their best 

warriors. This would make the poorest enemy warrior one hundred 

times better than their best! 
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Celebration of victory followed the return of the warriors to the vil¬ 

lage. During the victory dance, participating warriors were accorded 

the thanks of the band. Both men and women participated in the vic¬ 

tory celebration which was based on the ?xg -complex (L, SM, Rb). 

When one of the women suffered the loss of a relative in the fighting, 

the mourning rite was postponed so that she could attend the cele¬ 

bration (SM). Mourning of the dead took place after the celebration 

ended, but the interval of time between the two is not indicated. 

Scalps were taken from the enemy dead for use in the victory dance 

(L, SM). The scalps were wrapped around hot stones to remove at¬ 

tached flesh and to dry out (L). This process gave the scalp the desired 

shape (L). The treated scalp was placed on a pole, which Leon reports 

as being “half the length of a lance.” On the return trip to the village 

a series of fires, presumably smoke signals, were set along the trail 

by which they indicated to their village that they had won a victor}^ 

(L). When the war party neared the village, those who had remained 

behind responded with similar signals (L). 

When the war party was a short distance away from the village, the 

people came out to meet it (Ra). A brief ceremony was held, and then 

all returned to the village for the victory dance (Ra). It is not known 

whether scalps were kept after the victory celebration. 

There is one reference to head-taking. When Alonso de Leon, Jr., 

led an expedition north of the Rio Grande in search of a French cap¬ 

tive, he found before the house of the Frenchman a pole to which were 

fastened sixteen human heads (Bo). This suggests the presence of 

cultural influence from the Valley of Mexico. 

RELIGION 

Spanish accounts concerning Coahuiltecan culture clearly indicate 

that an elaborated religious pattern was not present. Sources do not 

mention the presence of priests, temples, or altars. Masked dancers 

are not mentioned. The religious pattern seems to have been similar 

to that of many nomadic peoples, complex, organized, but not highly 

elaborated. 

Shamanism. Apparently the role of a shaman in band life was an 

important one. The method by which an individual became a shaman 

is not known; some statements, however, imply visionary experiences 

(L, SM). Shamans were usually old people, and sexual restrictions 

were not present (L). In Tamaulipas the old people were of consider¬ 

able importance, but shamanism is not directly associated (SM). 
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Youthful shamans are not mentioned in any source, with the specific 

exception to the shamanistic endeavors of Cabeza de Vaca (Barcia, 

1760). It seems likely that shamanism was one of the functions of the 

aged. 

The ending of the Lagunero couvade fast, mentioned previously, 

was apparently ritualistic and associated with shamanism. The aged 

woman who played an important part in the Lagunero post-death 

ceremony was probably a shaman. Curing was a major function of 

the Coahuiltecan shaman. In Nuevo Leon the curing rite is described 

as legerdemain. Before going to the patient’s house, the shaman con¬ 

cealed a small object in his mouth (L). These objects were usually 

bits of charcoal, thorns, stones, or small bones (L). The shaman 

examined the body of the patient (diagnosis) to locate the afflicted 

area (L). He sucked this area for a short time, backed away from the 

patient, doubled, and feigned regurgitation (L). According to Leon, 

the shaman “belched” twenty times before he allowed the hidden 

object to come into view (L). 

The object supposedly sucked from the patient’s body was shown to 

him and to those nearby (L). The shaman took some stones, beat his 

closed fist against them, and concealed the object in his mouth by 

sleight-of-hand (L). The shaman showed his empty hands to the 

patient, thereby indicating that there was no reason why he should 

not recover; the source of his ailment had been removed. The “dis¬ 

appearance” of the object may possibly represent the concept of re¬ 

turning the object to the sender and that the sender would therefore 

become sick. 

If the person did not recover, the shaman was not blamed for the 

failure; an unknown party was said to have bewitched the patient 

(L). Among some Texas bands the shaman was occasionally held re¬ 

sponsible for the death of his patient (Ta). The curing shaman was 

always required to accompany the body to the burial ground (Ta). { 

These bands apparently decided at that time whether the shaman was | 

to live or die. 

During the Tamaulipan ^--complex ceremonies, one person lec¬ 

tured the participants (SM). Prognostication was present, and it 

seems likely that this speech may have been made by a shaman. 

During the ceremonial incitement to war, all the women took part, 

but the order of speaking began with the oldest (SM). This ritualistic 

speech-making may have been begun by a female shaman. The tat- 1 
tooing preparation for the puberty rites was carefully made and 
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closely supervised (SM). This, too, may have been part of a shaman’s 

activities. 

Among the Tamaulipan bands, the entire community took part in 

an attempt to rid a village of an epidemic disease. According to Santa 

Maria, brush was gathered and piled around the village. Stakes were 

driven into the ground around each house, so that the evil spirit could 

not escape (SM). The brush was ignited, and the people walked 

through the smoke shouting imprecations against the spirits to scare 

them away (SM). If the disease persisted after this treatment, the 

village was abandoned, as were the sick and dead (SM). Presumably, 

a shaman supervised these activities. 

Witchcraft. Witchcraft was an ever present source of danger to the 

Coahuiltecans. Truthfulness must have been a Coahuiltecan virtue, 

since witchcraft was associated with liars (L). The bands of Nuevo 

Leon were extremely cautious when entering strange territory (L). 

These people sought out hidden localities where they could dispose 

of food scraps secretly and in safety (L). It is also reported that food 

scraps were tossed out of the house (L). These two statements prob¬ 

ably describe “on the road” and “at home” situations. 

Apparently the Coahuiltecans believed that sickness could be caused 

by intrusion and that witches were responsible for such intrusive 

objects. Leon makes no reference as to how an individual became a 

witch, nor does he say whether or not a witch was punished if dis¬ 

covered. 

Omens and Spirits. Two important elements of the belief system 

were omens and spirits. Natural phenomena were associated with the 

supernatural and regarded as omens. If the omen was evil or bad, 

specific actions were undertaken to remove the source of danger. 

Garcia’s Manual contains allusions to the cries of birds and animals, 

indicating that these may have been regarded as omens. Dreams also 

seem to have been regarded as omens. 

Children were sacrificed because of dreams (L). Cabeza de Vaca 

alludes to the importance of dreams as omens among some of the 

coastal people of Texas, apparently including some of the eastern 

Coahuiltecans along with the Karankawa (Barcia, 1723). Leon cites 

an example of the importance of dreams in the belief system: 

One morning Capitan Fernando de Costa heard a strange noise on his 

hacienda. Investigating this disturbance, he found one of the Indians 

choking a girl about seven years of age. De Costa told the Indian to stop, 

and he released her protesting ‘Sir, allow me to kill her, because last night 

I dreamed that this sierra fell, killed us and crushed the world.’ De Costa 

refused to permit this. The next morning a large boulder was dislodged 
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high up on the mountain and started an avalanche. The same Indian 

rushed up to De Costa, shouting, ‘You see the signs that this world will be 

crushed. It’s your fault because you didn’t allow me to kill my daughter.’ 

The Lagunero bands of southern Coahuila believed that omens 

were signs of the presence of evil spirits, collectively known as kaci- 

napa. A whirlwind that lifted dust into the air was attributed to the 

presence of kacinapa (P). If the Indians saw their breath in front of 

them on cold days, the presence of kacinapa was again indicated (P). 

In both cases the Indians fell to their knees and called upon their gods 

to save them (P). 

Among the Nuevo Leon bands, animatistic beliefs existed. A thun¬ 

derstorm required immediate action to prevent damage to the village. 

The people left the village and ran toward the storm, displaying anger 

(L). When they reached a convenient spot, some threw sticks, stones, 

and bits of charcoal at the cloud, while others made ugly faces (L). 

After this was done, they returned to the village confident that the 

storm would abate (L). 

Friendly spirits are mentioned for the bands of Tamaulipas (SM). 

This is suggested by the Lagunero data for other portions of the Coa- 

huiltecan area. Some Tamaulipan bands placed restrictions on hunt¬ 

ing deer, dove, turkey, and presumably other animals, since these 

animals were supposed to lead the Indians to abundant food supplies 

and places of shelter in the mountains (SM). This belief seems to have 

been founded on the concept that friendly- spirits guided these animals 

to such areas during times of stress. 

The Afterworld. Statements in various sources indicate the presence 

of an afterworld concept of considerable importance, but it was not 

recognized as such. Santa Maria asked one of the pEtoe, band of 

Tamaulipas, where an individual went after death. The Indian re¬ 

plied, “to the other side of the Charco.” (SM). When Santa Maria 

attempted to elicit more specific details concerning this concept, he 

was rebuffed; the Indian refused to answer his questions. The subject i 

of the afterworld was not to be discussed with strangers. 

The Lagunero post-death ceremony seems to indicate the presence 

of an afterworld concept. The passage of one year between the time 

of death and the ceremony may indicate the presence of a probationary- 

or test period, after which an individual was admitted to the super- I 

natural domain of his ancestors. Recital of the virtues and deeds of the I 

deceased was probably intended to acquaint the afterworld with the ! 

deceased. 
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Linguistic evidence indicates a dual division of the afterworld 

among the bands of Tamaulipas and Texas. In addition the name of 

one of the aboriginal spirits seems to be recorded. These are presented 

below with Spanish and English equivalents. 

English Spanish Coahuilteco Comecrudo 

Heaven Cielo uxwad ape’l 

Hell Infierno toaxa-m 

God Dios Dios kio 

Devil Demono tamo’x pahuel, yame’l 

It can be seen the Indian words for Heaven and Hell were not 

adapted from the Spanish. The words for Devil are also distinctive. 

It seems probable, therefore, that afterworld concepts were present, 

and that the Spanish missionaries superimposed Catholic concepts 

utilizing aboriginal words. 

Deity Concepts. Nearly all Spanish authors say that the Coahuilte- 

cans had no deities. It seems likely, however, that these authors over¬ 

looked the deity complex because it was different from the Catholic 

or “true” forms. The frequency of terms for different phases of the 

moon may indicate that it had a cultural role. It seems likely that the 

sun was important also. The inference seems to be that the sun and 

moon may have been manifestations of deities, but it is probable that 

the celestial objects were not worshipped per se. 

MISCELLANY 

Within this subdivision have been included data which cannot be 

logically associated with other topical subdivisions of this paper. Many 

ethnographers are familiar with the “asides” wLich informants will 

furnish; these are comparable. 

Eating. Apparently Coahuiltecan eating habits differed consider¬ 

ably from those of the Spaniards. Leon says that these people used 

their arms and legs for “napkins” and apparently did not have a sched¬ 

uled meal time. He did not say whether or not the Coahuiltecans fre¬ 

quently ate at night, but it did occur (L). Tunas were piled up near 

the pallet, so that an individual could eat if hungry (L). 

Sanitation. Evidently the Coahuiltecans, according to modern stand¬ 

ards of hygiene, were dirty. This is borne out by the statement that 

villages were strewn with refuse and that these villages stank (L). 

The Coahuiltecans did not bathe intentionally, entering the water 

only for refreshment and to fish (L). 
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Drinking. Intoxicants in the form of a beverage made from mescal 

were present. No indication is given how often mescal was made or 

drunk by the Coahuiltecans. Leon’s reference to children playing 

pranks on adults who were drunk, may represent a valid instance of 

intoxication outside a ceremonial context. Drinking utensils included 

human skulls and an individual’s hands (L). The Coahuiltecans 

probably drank from hollowed prickly pear internodes and gourds, 

since these were used to carry and store water. 

Sleeping. According to Leon, bands of Nuevo Leon slept wherever 

they happened to be at nightfall. If the night was cold they built a 

small fire and slept close to it (L). As noted above, this was not prac- ! 

ticed during wartime. Leon says that the Indians piled tunas near 

their sleeping place so that they might eat at night if hungry. The 

sleeping position seems to have been prone on mats or hides (L). Un- i 

married individuals slept outside, and no restriction was placed on 

where they might sleep (L). 

Games. ‘Telota” and ‘‘la carrera” are mentioned as games of 

Tamaulipan bands (SM). In addition the Coahuiltecans wrestled and 

engaged in mock warfare (L). Women’s games are not mentioned, 

but in view of its wide distribution, shinny may well have been pres¬ 

ent. Intervillage games occurred (SM, AR). This seems to have been | 

“la carrera” or the kicking race. [ 

Smoke Signals. The presence of smoke signals is mentioned for all 

parts of the Coahuiltecan area, but the best description comes from the 

account of Santa Maria. Tamaulipan smoke signals were associated j| 

with warfare and battle maneuvers, as noted above. The exact method 

by which these signals were made and the differences between specific 

signals is not given. If Espinosa’s observations concerning the use of 

smoke signals is literally interpreted, the Coahuiltecans used smoke to 

conceal a retreat (Ta). | 

Berdache. In Nuevo Leon some males were allowed to wear woman’s | 

garb and to do woman’s work unmolested (L). Such individuals were 

not ridiculed or bothered (L). There is no comparable material for 

either Tamaulipas or Coahuila. Some of the questions in Garcia’s 

Manual imply homosexual behavior, if not the presence of berdaches. 

Physical Characteristics. The Spaniards consistently report the 

Coahuiltecans as being of good stature (“buenas estaturas”) (L, SM, 

AR, Ba, Co). There is no way of determining the exact meaning of 

such statements, but these may have been relative terms indicating 

(1) that the Coahuiltecans were taller than the Indians the Spaniards 

had previously met, or (2) that the Coahuiltecans were at least as tall i 
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as the Spaniards themselves. In either case it seems probable that the 

Coahuiltecans can be classed as having been above average in stature. 

Numerous stories in the sources involve the physical stamina of 

these people. Leon says that they could run like a deer or horse. Their 

ability to withstand suffering was apparently instilled while they were 

still children. These qualities impressed the Spaniards considerably, 

causing them to mention these attributes frequently but providing 

little detail as to their physical appearance. 

CONCLUSION 

The data presented in this and previous papers conclusively show 

that the Coahuiltecan culture can be classed with that of other nomadic 

peoples of northern Mexico (Be). While this is true,, it is also true that 

the northeastern portion of Beals’ North Mexican Nomad constitutes 

a definite and distinctive sub-culture area. The limits of this sub¬ 

culture area are the same as the limits proposed in an earlier paper 

concerning Coahuiltecan culture (R). These limits correspond to those 

of the “ethnographic sink.” 

Examining the Coahuiltecan data and that of the Karankawa and 

Tonkawa, the high degree of cultural similarity between the three 

cultures is striking. This similarity validates grouping the three cul¬ 

tures together. The meaning of the term which has been given to this 

sub-culture area has not been clearly defined. The word “sink” im¬ 

plies lowness; therefore, the term is a comparative one. The South¬ 

eastern area, the Pueblos, and the cultures of Central Mexico have, at 

one time or another, been called “high” cultures. Apparently, the term 

“ethnographic sink” refers to a comparison of these “high” cultures 

with the Coahuiltecan, Karankawan, and Tonka wan cultures. 

Yet the value of the term on this basis is questionable. One reason for 

questioning its value is the fact that none of these groups, Coahuilte¬ 

can, Karankawa or .Tonkawa, has been completely described. The 

available source material is limited and omits critical data. This sub¬ 

culture area is a “sink” because of lack of ethnographic data. 

A second reason for doubting the accuracy of this term is the un¬ 

usual, if not unique, cultural situation adjacent to this “sink.” If a 

line is drawn from the site of Taos to the territory of the Caddo and 

thence south to the Gulf coast and another line is drawn from Taos 

southward to Zapotec territory and thence eastward to the Huaxtecan 

area, the area enclosed by these lines is very nearly that of the “ethno¬ 

graphic sink.” This is especially true if the intrusive groups, such as 

the Comanche and Lipan Apache, are given their respective locales 
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as of 1650. The ‘‘sink” area is approximately adjacent to “high” cul¬ 

tures on the east, west and south. This situation is without parallel on 

the North American continent. Is it not possible that this unique 

situation, more accurately called historic accident, is responsible for 

the creation of this term? 

In recent years several authors have raised the possibility of an 

archaic horizon which once linked the Hokan peoples of California 

with the Coahuiltecans (Sapir, 1920; Swanton, 1940; Sjoberg, 1953). 

There are some sound reasons for postulating such a connection. The 

first sound approach to this problem is Haas’ identification of a Proto- 

Hokan-Coahuiltecan word for water (Haas, 1954). Thus there is now 

better evidence for a linguistic connection with the Hokan peoples. 

Yet the similarity between these two is not only linguistic but cultural 

as well. 

Referring to the kinship system presented in this paper, one can 

clearly see the similarity between the Coahuiltecan form and that of 

the Yuman tribes as presented by Spier (1925). Because of the unusual 

significance of this data to linguistic as well as cultural comparison, 

the accompanying table has been prepared (Table II) .The terms listed 

in this paper have been taken from several studies of kinship systems 

(Gifford, 1922; Kroeber, 1917; Spier, 1925) and ethnographies of 

Yuman peoples (Gifford, 1933; Kroeber, 1931 and 1935; Spier, 1928). 

The terms have been listed according to the original orthography of 

each source. 

Examining these data, the number of resemblances is striking. Al¬ 

though the Coahuiltecan terminology is the most extensive, the form 

of designating relatives is much the same for all twelve groups. The 

closest Yuman system to that of the Coahuiltecans is the Seri. like the 

Coahuiltecan, the Seii has a large number of sex-reflexive terms. All 

twelve, however, emphasize bilateral age and sex separation. It is, 

therefore, certain that the Coahuiltecan kinship system is comparable 

to that of the Yumans. 

Yet the affinity between the Coahuiltecan and the several Yuman 

systems is not merely based upon the manner of designating relatives; 

there are linguistic similarities between individual terms as well! In 

Tablell several striking linguistic resemblances may be noted.Perhaps 

the most significant of these resemblances are the terms for mother. 

The grandparent terms are very similar as are the terms for son’s child. 

The most apparent similarities have been listed below for convenient 

reference. 
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these two linguistic families and the presence of totally different cul¬ 

tures and linguistic families between them, the resemblances between 

the Coahuiltecan and Yuman kinship terms is even more striking. The 

inevitable conclusion, considering these connections, is that at some 

former time the Yuman and Coahuiltecan peoples were contiguous 

or one group. 

Coahuiltecan* Nearest Possible Yuman Cognate 

FF (mw) napukal FF (mw) n-apau-k Mohave 

FM(mw) nakaka FM(mw) n-akau-k Mohave 

FM(mw) nakwan MF (mw) n-akweu-k Mohave 

MM(mw) nakis MM(mw) inkas Kamia 

F(w) na(t’a-n)age' F (w) n-a’ai-k Mohave 

M(mw) natad M(mw) ’ntai Maricopa 

MOB(mw) nakwana'x MB(mw) n-akwi-k Mohave 

YSs(m) naya(t’a’n) YSs(mw) enyoka Maricopa 

YSs(w) nacucan OSs(mw) intcatcun Kamia 

C(w) naxwe’ C(w) a’au Yuma 

SC(mw) naxa- SC(mw) axwen S. Diegueno 

OSsD(w) naa'pxaTs(t’a‘n) OSsC(w) epxac Seri 

* (t’aTi) is given in Garcia’s Manual as a nominal post-position. It apparently 
should not be considered as a part of these kinship terms. In addition, it is certain 
that this post-position is not a suffix. 

Swanton (1940) raised the question of a separation of the Coahuilte¬ 

can and Hokan peoples, saying: 

. . . Now, between the Pacific and Gulf areas are, or rather were, two 

great families, one of which, the Athapascan, appears to have intruded 

itself from the north at a relatively late period while the other, the Uto- 

Aztecan, seems to have moved in a north-south direction one way or the 

other considerably earlier. May it not be that the aboriginal Californians 

and south Texans represented remnants of earlier waves, split in two by 

these later comers and driven west and east respectively? | 

This idea was recently considered as a possible explanation for the | 

absence of a cultural climax in the “sink.” I 
! 

o . . Could it be that this so-called “cultural sink” is merely a remnant 1 
of a more archaic culture (or cultures) which in the past covered a broader ' 

area (Sj)? 

The knowledge that a linguistic and cultural affinity exists between 

the Pacific and Gulf areas lends credence to an affirmative answer to 

both questions. It is highly probable that the period of contiguity of the f 

Hokan and Coahuiltecan peoples may have some antiquity. Is it not, 

therefore, highly probable that one of the archaic horizons of the 

Southwest may actually represent the former habitation of Hokan- | 

Coahuiltecan peoples? ! 



COAHUILTECAN INDIANS 387 

BIBLIOGRAPHY 

Alegre, Father Francisco Javier, 1841—Historia de la Compania de Jesus en 

Nueva Espana. Mexico. 

Alessio-Robles, Vito, 1938—Coahuila y Tejas en la epoca colonial, Mexico. 

Balcarcel, Antonio de, 1675?—La Conquista de Coahuila. Periodico-s Varios, ed. 

Manuel Redonvar. 

Barcia Carballido y Zuniga, Andres G., 1723—Ensayo cronologico para la historia 

general de Florida. Madrid. 

Beals, Ralph L,, 1932—Comparative ethnology of northern Mexico before 1750. 

I hero-Americana 2. 

Bolton, H. E., 1916—Spanish exploration in the Southwest. New York. 

Cossio, David Alberto, 1925—Historia de Nuevo Leon. Monterrey. 

Forrestal, Reverend Peter P., 1930—The Solis diary of 1767. Preliminary Studies 

of the Texas Catholic Historical Society 1 (6); 1-42. 

Garcia, Fray Bartolome. 1760—Manual para adminstrar los Santos sacramentos 

de penitencia, eucharistica, extrema uncion y matrimonio. Bibliografia Mexi- 

cana del Siglo XV111 5: 451-512. 

Garcia, Genaro, 1905—Documentos ineditos o muy raros para la historia de 

Mexico 25. 

Gatschet, Albert S., 1891—The Karankawa Indians, the coast people of Texas. 

Archaeological and Ethnological Papers of the Peabody Museum 1(2). Cam¬ 

bridge, Mass. 

Gifford, E. W., 1922—California kinship terminologies. University of California 

Publications in American Archaeology and Ethnology 18: 1-285. 

-, 1936—Northeastern and Western Yavapai. University of California Publi¬ 

cations in American Archaeology and Ethnology 34: 247-354. 

Gleason, H, A., Jr., 1953-1954—Introduction to descriptive linguistics. Mimeo. 

Hartford. 

Haas, Mary R., 1954—The Proto-Hokan-Coahuiltecan word for ‘water.’ University 

of California Publications in Linguistics 10: 57-62. 

Kroeber, Alfred L., 1917—California kinship systems. University of California 

Publications in American Archaeology and Ethnology 12: 339-396. 

-, 1931—-The Seri. Southwest Museum Papers 6. 

-■, ed., 1935—Walapai ethnography. Memoirs of the American Anthropological 

Association 42. 

Mayhall, Mildred Pickle, 1939—The Indians of Texas: Atakapa, Karankawa, and 

Tonkawa. Unpub. Diss. Univ. Texas. Austin. 

Portillo, Esteban L., 1888—Apuntas para la historia de Coahuila y Tejas. Saltillo. 

Ruecking, Frederick, Jr., 1953—The economic system of the Coahuiltecan Indians 

of southern Texas and northeastern Mexico. Tex. Jour. Sci. 5(4): 480-497. 

-, 1954a—Ceremonies of the Coahuiltecan Indians of southern Texas and north¬ 

eastern Mexico. Tex. Jour. Sci. 6(3): 330-339. 

-, 1954b—Bands and band-clusters of the Coahuiltecan Indians. Student Papers 

in Anthropology 1(2): 1-24. ' 



388 THE TEXAS JOURNAL OF SCIENCE 

Santa Maria, Vicente, 1929—Relacion historica de la colonia del Nuevo Santander 

y Costa del Seno Mexicano. Archive General de la Nacion 14: 353-482. 

Sapir, E., 1920—The Hokan and Coahuiltecan languages. International Journal of 

American Linguistics 1(4): 280-290. 

Sjoberg, Andree F., 1953—The culture of the Tonkawa, a Texas Indian tribe. Tex. 

Jour. 5a. 5(3): 280-304. 

Spier, Leslie, 1925—The distribution of kinship systems in North America. Uni¬ 

versity of Washington Publications in Anthropology 1: 71-88. 

—--, 1928—Havasupai ethnography. Anthropological Papers of the American 

Museum of Natural History 29: 83-392. 

Swanton, John R., 1940—Linguistic material from the tribes of southern Texas 

and northeastern Mexico. Bureau of American Ethnology' Bulletin 127. 

Tons, Reverend Gabriel, 1930a—The Espinosa-Olivares-Aguirre expedition of 

1709. Preliminary Studies of the Texas Catholic Historical Society 1(3): 1-14. 

-, 1930b—The Ramon expedition: Espinosa’s diary of 1716. Preliminary 

Studies of the Texas Catholic Historical Society 1 (4): 1-24. 



I Darwin’s The Origin of Species and the Modern 
i 

[ Concept of Evolution 

J by ARNOLD R. KAPLAN 

I The University of Texas 

Y 
\ 

* INTRODUCTION 

A GREAT many people before Darwin had the idea of evolution and 

believed that species of animals and plants are not immutable cre¬ 

ations but develop naturally from older and different species. It was, 

" however, Darwin’s book, The Origin of Species, that supported the idea 

» with evidence so extensive and conclusive that the theory of evolution 

was soon generally accepted by scientists. He marshalled evidences 

i of many sorts and referred to vast numbers of examples throughout 

• the world. He indicated the variations of domestic animals and the 

\ origins of new kinds by selective breeding and experimentation. He 

S observed that similar variations exist in wild animals and that their 
t 

f races may be closely analogous to breeds. He observed that many 

r features of the geographic distribution of animals and plants over the 

^ earth are explained if we suppose that their diversities and resem- 

I blances are the result of evolution. 

Darwin consulted many different sources and employed a wealth 

f of personal observation and experimentation. By 1859, when he was 

j 50 years old, Darwin felt ready to publish the first edition of his book, 

I The Origin of Species. The last edition of his book was produced in 

If 1872. Darwin died ten years later, in 1882. 

I 
I THE EVOLUTION OF THE CONCEPT OF EVOLUTION; 

I DARWINISM, NEO-DARWANISM, ETC. 

I The Origin of Species, valuable not only for its historical signifi- 

i cance in biology, still represents one of the most complete and classical 

discussions of evolution. Many theoretical changes have evolved since 

the time of Darwdn, many investigative tools have been added, and 

many more facts have been accumulated. Nevertheless, much of the 

: material in Darwin’s book remains basic to the modern concepts of 

evolution. It is with this in mind that I would like to discuss the simi¬ 

larities of, and differences between, Darwin’s beliefs and the modern 
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concepts of evolution; and to discuss the evolution of the concept of 

evolution. 

Historically, we could categorize four major periods in the evolution 

of the concepts of evolution. Period 1 could be that period from 1835 

to 1859, the period during which Darwdn wwked out his idea of evo¬ 

lution on the basis of natural selection. Period 2 might be called the 

post-Darwinian era. This period, from 1859 to 1900, was devoted to 

attempts to prove and further substantiate Darwin’s ideas. Then came 

the rediscovery of Mendel’s work, by DeVries, Correns, and Tscher- 

mak, and the follow-ups. Period 3, the period from 1900 to about 1937, 

could be called the critical or agnostic period, during which time 

Darwinism was largely disdained by biologists as being 'unscientific.’ 

The reasons for the decline in the prestige of the selection theory, 

according to Stebbins (1951), 'day partly in the excesses of speculation 

committed by the extreme selectionists of the previous generation.” A 

more important cause, however, “was the impact on biological think¬ 

ing of two fundamental discoveries in genetics”—the discovery of 

mutations by DeVries, and the demonstration by Johannsen that 

artificial selection is ineffective in a pure line of completely homozy¬ 

gous organisms. These two workers and their followers maintained 

that all true evolutionary progress comes about by sudden mutational 

steps wTich create at once a new race or species. Selection was re¬ 

garded as a purely negative force, eliminating the variants which are 

obviously unfit, but not taking part in the creation of anything new. 

The negative attitude toward natural selection has again become 

reversed and the prevailing concept of evolution at present is the so- 

called neo-Darwinian one, in which mutation and selection are looked 

upon, not as alternative, but as complementary processes. The begin¬ 

ning of the neo-Darwinian period. Period 4, may be set rather arbi¬ 

trarily at 1937, the time of the publication of the first edition of Dobz- 

hansky’s book, Genetics and the Origin of Species. The new outlook, 

wTich Dobzhansky fostered, was largely brought about by geneticists 

wTo were also biometricians and accustomed to dealing with popula¬ 

tions—wwkers such as J. B. S. Haldane, R. A. Fisher, Sew^ell Wright, 

etc. Populations are now^ recognized as the important units to be con¬ 

sidered in evolution. Thus, the evolutionarily-important unit of se¬ 

lection and of survival is not the individual but the genotype. Not only 

is successful survival important, but also fecundity. Darwin empha¬ 

sized the individual as a factor in evolution, but the modern concept 

of evolution emphasizes the population, the 'gene pool.’ 
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Another contrast between Darwinism and the modern or neo- 

Darwinian concept is the latter’s greater emphasis on carefully-con¬ 

trolled experiments. The modern concept of evolution stresses the ex¬ 

perimental approach, to demonstrate and prove various aspects of 

evolution. We cannot experiment with periods of millions or thous¬ 

ands of years in evolution, but we can use models. And a number of 

models have been conceived to demonstrate various aspects of evo¬ 

lution. There are models to demonstrate the selection of one or more 

traits; the value of a single characteristic, wdth regard to selection, in 

one generation; mutation and selection in micro-organisms; com¬ 

petition between isolated lines of plants in controlled experiments; 

cross-fertilizing populations under artificial conditions, to demonstrate 

how various mutations with no adaptive value or usefulness may 

assume an adaptive value under different conditions, etc. The avail¬ 

able tools for such experiments were, of course, unknown or unde¬ 

veloped and very limited in Darwin’s time. 

Darwin’s theory 

In his work, The Origin of Species, Darwin proclaimed his theory 

that, in the long course of time, the '‘higher forms of life” have slowly 

developed from earlier-existing simple ones. His own special contri¬ 

bution was the theory of natural selection, which he made use of both 

to explain the origin of species and to account for the origin of the 

adaptation of organisms to their environments. He indicated that “no 

two specimens are ever exactly alike”; that differential survival of the 

better-adapted variants, and elimination of the less-adapted ones, 

should lead to a gradual rise in the level of adaptedness of species in 

which such differential reproduction takes place. Darwin’s chief 

emphasis was laid on small differences by whose accumulation and 

mutual supplementation distinction between varieties and species 

could come about. He also noticed that certain variations “arise spon¬ 

taneously.” These are the common bases of Darwinism and its con¬ 

temporary descendant, neo-Darwinism. 

The Darwinian concept of natural selection depends upon the prin¬ 

ciples of overpopulation, struggle for existence, and survival of the 

fittest. Darwin was largely influenced by Malthus, who believed that 

any species tends to over-reproduce, tends toward an overuse of the 

available food supply. The struggle for existence results from over¬ 

population. The “fittest” organisms are those organisms which are 

best adapted to their particular environment. The differential mor¬ 

tality of the carriers of different genotypes composing a population 
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was supposed to make selection effective. Dobzhansky decries the use 

of such metaphors as ‘'struggle for life” and “the survival of the fittest” 

to describe the process. He writes that, as a result of the use of such 

phrases, natural selection became associated in many minds with 

emotional slogans like “eat or be eaten,” and that this led to consider¬ 

able misuse of Darwinism by jingoists and bigots. 

The essence of the concept of natural selection is that the carriers 

of different genotypes in a population contribute differentially to the 

gene pool of the succeeding generations. The contributions of some 

genotypes are, on the average, relatively greater than the contri¬ 

butions of others in the same environment. The'relative capacity of 

carriers of a given genotype to transmit their genes to the gene pool 

of the following generations constitutes the adaptive value, or Dar¬ 

winian fitness, of that genotype. The adaptive value, then, is the re¬ 

productive efficiency of a genotype in a certain environment. The 

ability of the type to survive, the duration of the reproductive period, 

its fecundity, etc., are aspects of an organism’s adaptive value. And 

natural selection need not necessarily involve competition or struggle, 

in the sense of direct combat between individuals. 

DIFFERENCES BETWEEN DARWINISM AND NEO-DARWINISM 

The fundamental difference between the conception of heredity on 

which Darwin had to rely and the one which is at the basis of modern 

views is the difference between the blending and the particulate 

theories of inheritance. The notion of blending inheritance, which 

was held universally in Darwin’s time, assumed that the hereditary 

material of the parents undergo amalgamation in the hybrid. If this 

were correct, sexual reproduction would consume the heritable vari¬ 

ation present in panmictic populations at a prodigious rate. On the 

other hand, if the hereditary materials are particulate, the variability 

is maintained despite the interbreeding; and low mutation rates, such 

as those observed in nature, will suffice to furnish materials for evo¬ 

lution. Mendel demonstrated that the heredity transmitted from 

parents to offspring is an aggregate of genes which do not blend but 

segregate. Thus, sexual reproduction does not erode and level off, but 

on the contrary conserves, hereditary variability. 

Darwin believed that natural selection was “aided in an important 

manner by the inherited effects of the use and disuse of parts” in re¬ 

lation to adaptive structures; that “changed conditions of life are of 

the highest importance in causing variability, both by acting directly 

on the organization, and indirectly by affecting the reproductive 
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system.” The demonstration that evolution by natural selection could 

not be fully effective with any form of inheritance involving either 

blending, as postulated by Darwin, or with the inheritance of acquired 

characters, as postulated by the Lamarckians and neo-Lamarckians, 

whereas it would work on the basis of particulate inheritance, led to 

the development of neo-Darwinism. The basis of neo-Darwinism in 

evolution was provided for by the discovery of the prime source of 

evolutionary variation, in the shape of mutations, and the discredit¬ 

ing of Lamarckism by Mendelian genetics. Neo-Darwinism has re¬ 

jected the concepts, in Darwinism, of ‘direct and indirect action of 

the conditions of life” and “use and disuse of parts” in directing 

hereditary variations. 

A population may have hidden variability, which can be invoked 

under the influence of selection or in other ways, according to both 

Darwinism and neo-Darwinism. Variability within a population pro¬ 

vides the possibility of adjustment to environmental changes and local 

adaptation to special conditions, of the population. At the same time, 

it provides that a portion of the population wall deviate from the 

optimum condition and will not be well-adapted. The Darwinian 

principles of random variation and natural selection, in neo-Darwin¬ 

ism, are based firmly on genetic evidence. The particulate theory of 

heredity provides the solution to the Darwinian problem of the con¬ 

servation of variation. The variability once gained by a population is 

maintained, in the gene pool of the population, instead of being eroded 

and finally leveled off by crossing. In a random-breeding population, 

without the influence of selection and mutation, the gene frequencies 

will remain constant from generation to generation indefinitely. This 

is a corollary to the particulate or neo-Darwinian, as contrasted to the 

blending or Darwinian, type of inheritance. In contrast to Darwin's 

stress on the selection of individuals, the modern concept emphasizes 

the population and the selection of genotypes. 

Ail the facts obtained since Darwin’s time fully agree with his main 

conclusion, that evolution is the key to the history of life. It remained, 

however, for the fossil record tO' provide a most direct sort of evidence 

on the truth of evolution, and on the study of fossil evidence Darwin 

struck a snag. He was able to show that what was then known of the 

history of life was consistent with the theory of evolution, but he was 

forced to admit that the knowledge of the fossil record was far'too in¬ 

complete to give conclusive support to this theory. He saw that the 

fossil record, if more complete, should provide graded ancestral series 
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for the animals of today and intermediates between our different 

species and between “distinct higher groups.” He concluded: 

“Geology assuredly does not reveal any such finely-graduated organic 

chain; and this, perhaps, is the most obvious and serious objection which 

can be urged against the theory.” 

It was, and still is, hopeless to expect to find every intermediate in 

every “organic chain,” or even the greater number of them. Of those 

that are preserved somewhere, only a small fraction has so far been 

found and studied. When Darwin published his theory, no examples 

of graded series of ancestors and descendants of clear significance had 

yet been found. When he wrote his book, the known fossils were so 

few and scattered that they provided few good examples of gradual 

change from one species to another. In fact, Darwin devoted con¬ 

siderable effort to proving that the sudden appearance of many species 

of animals without known ancestors did not necessarily mean that his 

idea of gradual change from one species to another was wrong. In this 

vein, he wrote as follows: 

“As the accumulation of enduring formations, rich in fossils, depends on 

great masses of sediment being deposited on subsiding areas, our formations 

have been almost necessarily accumulated at wide and irregularly inter¬ 

mittent intervals of time; consequently, the amount of organic change 

exhibited by the fossils embedded in consecutive formations is not equal. 

Each formation, on this view, does not mark a new and complete act of 

creation, but only an occasional scene, taken almost at hazard, in an ever 

slowly changing drama. . . . The geological record is extremely imperfect. 

Only certain classes of organic beings have been largely preserved in a 

fossil state. The number of specimens and of species, preserved as fossils, 

is as absolutely nothing compared with the number of generations which 

must have passed away even during a single formation. Owing to the 

necessity of subsidence for the accumulation of deposits rich in fossil species 

of many kinds, and thick enough to outlast future degradation, great inter¬ 

vals of time must have elapsed between most of our successive formations. 

Each single formation has not been continuously deposited.” 

From providing the most obvious and serious objection to the theory 

of evolution, paleontology has since progressed to the position of pro¬ 

viding the most convincing of all proofs of that theory. Paleontology 

supplies the annals of morphologic and ecologic events and their time 

and space relationships in the evolution of the adaptive organizations 

of protoplasm; it historifies the geological records of life. From mor¬ 

phological and stratigraphic and taxonomic data, a species’ phylo¬ 

genetic history and our knowledge of its ancestral stages and their 

sequence in time, may he established. The paleontologists have tried 
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lo reconstruct the story of past evolution, and to interpret what char¬ 

acteristics of the environment led to the various phylogenetic trends. 

The geneticists, together with the embryologists, taxonomists, phys¬ 

iologists, biochemists, anatomists, histologists, etc., have tried to pene¬ 

trate into the present nature of living organisms and therefrom to infer 

the manners of their movements, what phylogenetic paths they are 

likely to have taken and why, and what future directions of evolution 

might be expected of them. 
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Corrosion Control on the Hulls of Harbor Craft 

and Small Ships* 

by WM. G. BRADLEY 

A. M. College of Texas 

THE hulks of ancient navies must have dotted the floor of the Medi¬ 

terranean Sea, and much of the Asian, Eurasian and African coastal 

waters long before histories were being written. Comprised of wooden 

ships these ancient navies were beset with two serious problems which, 

even today, threaten much of the world’s small shipping. These were, 

of course, fouling and shipworm infestation. Shipwrights practiced 

their trade for more than 3000 years before the British Admiralty, late 

in the 18th century, provided solutions for both problems by sheathing 

wooden hulls with copper. The victory was short-lived. By the time 

of the American Civil War, economic and military considerations 

(primarily explosive shells) were forcing shipbuilders to substitute 

steel for wood. 

Steel hulls were impervious to shipworm but fouled heavily. During 

World War II considerable effort was expended in developing methods 

of utilizing the toxicity of copper in anti-fouling paints without per¬ 

mitting consequent electrolysis of the steel hull. This outstanding 

work, by the Woods Hole Oceanographic Institution, has been sum¬ 

marized in Marine Fouling and Its Prevention (Naval Institute, An¬ 

napolis, 1952). 

The most serious problem introduced by steel hulls was, and still 

is, corrosion. It must be stated here that work on corrosion-resistant 

surface preparations and paints has met with considerable success. 

However, it is quite impossible to achieve full protection from hull 

corrosion through the use of paints alone. Furthermore the cost of the 

most efficient paint systems (hot plastics) is prohibitively high for 

many shipping concerns. 

Thus a difficult problem has persisted: how can hull protection be 

obtained in a price range suitable to the majority of owners? This is 

* Contribution from the Department of Oceanography of the Agricultural and 

Mechanical College of Texas, Oceanography and Meteorology Series No. 51; based 

in part on investigations conducted for the Texas A, & M. Research Foundation 

through sponsorship of the Dow Chemical Company and the Office of Naval Research. 
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the problem that confronted the Texas A. & NL Research Ehuiidatioii 

when they brought the schooner A. A. JAKKULA'- from Milwaukee 

to the Gulf of'Mexico. The answw was ''cathodic protection.’’ 

According to modern theory, ship plate corrodes in sea water be¬ 

cause of inhomogeneity of the steel or because of stresses produced 

within the metal by the working processes. Either of these factors 

will result in the manifestation of small anodic areas which then, 

draw current from surrounding cathodic areas, yielding Fe++ions 

to the electrolyte and the corresponding electrons to the adjacent 

cathode. Thus for every molecule of iron going into solution as 

Fe++ion, two electrons are consumed in reduction reactions on the 

adjacent cathodic surface. The requirements of cathodic protection are 

met when a source of these electrons, other than the local anodic 

areas, has been provided. Furthermore this source must supply its 

electrons at a slightly greater pressure or potential than that of the 

small anodic areas on the steel plate. 

There are two methods by which cathodic protection can be applied. 

One of these, impressed current protection, involves attaching the 

negative pole of a D.C. generator to the hull and the positive pole to a 

non-sacrifical anode. The other system is much simpler. A metal with 

a higher oxidation potential than the metal of the hull is fastened to^ 

the hull. This is the system employed on the A. A. JAKKULA. 

Under the direction of the Dow Chemical Company a cathodic pro¬ 

tection system consisting of twenty-four fifteen pound magnesium 

anodes was installed. Each of these anodes was mounted by means of a 

steel stud bolt welded to the hulk A special one-fourth ohm resistance 

washer between the mounting bolt and the magnesium anode in¬ 

creases the anode life by limiting the anode current output. Since the' 

schooner is used for research purposes it lies in port about 50 per cent 

of the time, and the purpose of the experimental work was to de¬ 

termine the minimum current density requirements for ships in such 

limited service. A current density of 3 ma per square foot adequately 

protects steel in quiet sea water but the requirement must be tripled 

for ships under way. In quiet water, a film of hydrogen tends to pas¬ 

sivate the cathodically protected steel surface, but this film is de¬ 

stroyed by viscosity and turbulence when the ship is in motion. 

It has been found that current density on the hull can be controlled 

by the number and dispersal of anodes as w^ell as the electrical re¬ 

sistance of the circuit from the anode to the hulk From an engineering 

^Originally the ATLANTIC. The ship at the water line is 115 ft. in length,. 

25 ft. in beam, and draws 7 to 8 ft. of water. The wet hull area is 3,220 ft. 
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Standpoint, a hull is considered to be under complete protection when 

its open circuit potential is no less negative than —800 mv with re¬ 

spect to the CU-CUSO4 reference electrode. This potential is a vari¬ 

able function of the current density on the hull. 

When current is flowing in the hull-anode circuit at the required 

rate, the following reaction takes place at the cathode or hull, 

H+ + e- = 

in which H+ is hydrogen ion, e“ represents the electron and is 

atomic hydrogen. A film of atomic hydrogen may adsorb on the hull, 

Fig. I. Calhodically deposifed salts in region ol high current density. t 

and this has the effect of adding series resistance to the hull-anode 

circuit. If the hull is slightly over-protected, the hydrogen is evolved 

from the cathodic surface as the gas. If the hull is greatly over-pro¬ 

tected, the following reaction occurs: 

2H" -f 0, + 2e- = 20H- 

The hydroxide ion produced by this reaction raises the pH on the steel 

surface and this may result in the precipitation of Ca and Mg salts. ! 
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Deposits of this nature may be seen above the anode array in Figure 1. 

Once these salts are deposited the current density requirements are 

considerably lowered. 
Since the A. A. JAKKULA is at dockside 50 per cent of the time, it 

was believed that a current density of 5 or 6 ma per square foot would 

over-protect to such an extent that the calcareous coating would be 

deposited. If the ship were then to go to sea, the o to 6 ma current 

density and the calcareous deposit would maintain the hull solution 

potential within a compatible range, in spite of the fact that 10 ma per 

square foot is required of ships that are in nearly constant service. 

Fig. 2. Corrosion in starboard, center keel area. 

These assumptions Were verified by solution potential surveys until 

the ship went aground while maneuvering into harbor. This scraped 

large areas of the hull bare of paint and calcareous coating, which sud¬ 

denly presented the anodes with an excessive area of bare steel to 

protect. The required current was not available on this minimum cur¬ 

rent installation and, as a result, the center keel area which was 

farthest from the anodes began to corrode. Figure 2 shows this cor¬ 

roded area. The corrosion product was of about the consistency of 
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Fig. 3. Hull plate showing complete absence of corrosion, 

Fig. 4, Calcareous deposit descaling previously corroded area, 



CORROSION CONTROL ON SHIP HULLS 401 

whipped cream and could easily be wiped away. Only about one- 

fourth of the hull was thus attacked. Figures 1 and 3 show the con¬ 

dition of the remainder of the hull. 

As a result of this experience, sixteen additional anodes were in¬ 

stalled to bring the applied current density up to 8.7 ma per square 

foot. At the next drydocking no rust or corrosion could be found below 

the waterline. Figure 4 illustrates an area amidship, near the keel, 

where previous corrosion had caused heavy rust scale. Not only had 

this area been protected against further corrosion but the calcareous 

deposit was descaling the area. Note the white calcareous deposit 

where the rust scale has been removed. 

The schooner was first put under cathodic protection in September, 

1953, and except for the results of the unforeseen grounding, she had 

suffered no underwater hull corrosion. When the A. A. JAKKULA 

was last in drydock it was obvious that the combination of a modern 

anti-fouling paint system and cathodic protection from corrosion had 

solved these two important problems attendant to operation of steel 

hulls in a salt water environment. Hull repair necessitated by cor¬ 

rosion is almost non-existent and permits a saving in both material 

and time in dock. Cathodic protection is no longer in the survey stage 

on the A. A. JAKKULA. It is a permanent installation. 



An Ecological Survey of Reptiles in Parts 

of Northwestern Texas 

by M. J. FOUQUETTE, JR. AND H. L. LINDSAY, JR. 

The University of Texas 

INTRODUCTION 

THE area considered in this report includes all of the Texas Pan¬ 

handle, bounded on the southeast by a line extending from Erath 

County to Clay County. There is a serious lack of information on the 

herpetofauna of this region, and this is the first endeavor of its type 

known to the present authors. 

Two localities were studied extensively. The first is in Hutchinson 

County, nine miles east of Stinnett, where collecting was done from 

.June 7 to July 11, 1950. This area is henceforth referred to as the 

Stinnett station. The other locality is in Dawson County, ten miles 

east of Lamesa, where collecting was done from June 24 to July 7, 

1952. This area will be called the Lamesa station. The work was done 

under the direction of W. Frank Blair. Herpetological collecting at the 

Stinnett Station was done by Floyd E. Potter, Jr., C. F. Turrentine, and 

the authors, with the assistance of 23 other members of The University 

of Texas survey party. The herpetological collections at the Lamesa 

station were made by Dr. Blair and nine members of the survey party. 

The ecological data presented are taken from the field notebooks of the 

members of the survey party. 

Interesting records from other localities in the area under con¬ 

sideration are included in this report. Collecting dates range from 

May, 1948 to August, 1953. Most of these specimens were collected 

by University of Texas zoology students and workers and are mostly 

just incidental collections rather than the result of a concentrated 

study of any particular area, although the specimens from Howard 

County are part of a collection by J. R. Tamsitt. 

All specimens from the Stinnett and Lamesa stations are deposited 

in the Texas Natural History Collection. Most of the specimens from 

miscellaneous localities are also deposited here, but a few are in the 

jirivate collection of Floyd E. Potter, Jr. 
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We are indebted to J. A. Whittenburg, Jr., owner of the Bugbee 

Ranch, for permission to camp and collect at the Stinnett station, and 

to the owners of the Dean Ranch for similar privileges at the Lamesa 

station. We also wish to thank the many others who extended us 

courtesies while we were working in these areas. Thanks are due 

Bryce C. Brown for suggestions concerning some of the garter snakes, 

Herndon Dowling for suggestions in regard to some of the rat snakes, 

J. R. Tamsitt who made available to us certain specimens from 

Howard County, and Ralph W. Axtell for suggestions concerning 

Holbrookia. To many other friends and colleagues who offered criti¬ 

cisms and suggestions we wish to acknowledge our appreciation. 

Special thanks are due W. Frank Blair for his invaluable help and 

advice. 

ECOLOGICAL RELATIONSHIPS 

The two principal localities studied lie in the Kansan biotic province 

as outlined by Dice (1943) and Blair (1950). Both localities are lo¬ 

cated on the escarpment of the north Texas plains, and are quite simi¬ 

lar ecologically, but since some differences do exist and the areas are 

widely separated—approximately 220 miles apart—we shall treat 

the two separately. 

Stinnett Station 

Physiographically, the area consists of sand dunes and sand flats 

of alluvium along a braided stream and red shale beds with sandy 

limestone caps. It may be divided into three distinctive ecological 

entities: the flood plain, the rocky slopes, and the vegetated area of 

deep sands between. 

The flood plain includes a wide creek bed in which water runs on 

the surface only at night and during heavy rains. The creek bed is 

essentially devoid of vegetation, being composed of sand flats and 

dunes. The flood plain also includes the low flat area on either side of 

the creek. Here the vegetation includes a grass cover made up chiefly 

of species of Bouteloua^ Panicum^ and Andropogon, and goodly num¬ 

bers of herbs and shrubs, including species of Croton, Baccharis, 

Tradescantia, Gutierrezia, and Solanum. Groups of large cottonwood 

trees (Populus) are also common on the flood plain. 

Reptiles which we found to be restricted almost entirely to the flood 

plain were Kinosternon flavescens, Chelydra serpentina, Pseudemys 

scripta, Natrix erythrogaster, and Thamnophis sauritus. Species which 

were more common in this association than in either of the others 
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were Heterodon platyrhinos^ Coluber constrictor^ Masticophis flagel¬ 

lum, Pituophis catenifer, Thamnophis marcianus, and Thamnophis 

sirtalis. Other species which were fairly common on the flood plain 

included Terrapene ornata, Sceloporus undulatus, Phrynosoma cor- 

jiutum, Eumeces obsoletus, Diadophis punctatus, and Crotalus atrox. 

The deep sand association above the flood plain is a gently rising, 

more open area characterized by a rather dense covering of sage 

(Artemisia fHi folia), numerous clumps of sumac (Schmaltzia), and a 

sparse grass cover. In drainage ways and swales the sage gives way to 

w^ell-sodded areas of buffalo grass (Buchloe dactyhides) and goat 

weed (Croton texensis). Mesquite (Prosopis juliflora) is found here, 

but is very sparsely scattered. 

No reptile was entirely restricted to the deep sand, but the race- 

runner, Cnemidophorus sexlineatus, was rarely found in either of 

the other associations and was extremely abundant here. Other 

species which were more common in the deep sand than in the other 

associations were Holbrookia maculata, Phrynosoma cornutum, 

Heterodon nasicus, and Arizona elegans. Other species wTich w^ere 

rather common in the deep sand included Terrapene ornata, Scelo¬ 

porus unduiatus, Coluber constrictor, and Masticophis flagellum. 

From the deep sands the terrain rises rather abruptly to form the 

rocky hills of white and reddish sandy limestone, which make up the 

rocky slope association. Along the slopes the vegetation is made up of 

sparse blue stems (Andropogon) grama grasses (Bouteloua), and 

sumac. On top of the hills buffalo and grama grasses form the ground 

cover. The reptiles which were almost entirely restricted to the rocky 

slopes were Leptotyphlops myopica, Sonora episcopa, and Hypsiglena 

torquata. Crotaphytus collaris and Tantilla nigriceps were much more 

common here than in the other associations. Also quite common on 

the rocky slopes were Eumeces obsoletus and Diadophis punctatus. 

Lames a. Station 

Physiographically, this area is quite similar to the one studied at 

the Stinnett station. It is composed of five ecological entities: the flood 

plain, the canyon and canyon walls, the eroded slopes, the uplands 

(a mesquite-grass association above the rimrock), and the sand dunes 

occurring in the uplands. 

The flood plain in this area consists of the bed and lower terraces of 

Wet Tobacco Creek. It differs from the flood plain at the Stinnett sta¬ 

tion chiefly in the abundant presence of mesquite here and the less 

sandy soil. The following reptiles were found only on the flood plain: 
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Kinostenion flavescens, Pseudemys scripta, Sceloporus undulatus, 

Eumeces obsoletus, Leptotyphlops dulcis, Elaphe guttata, Pituophis 

catenifer, Lampropeltis getulus, Thamnophis rnarcianus, Natrix 

erythrogaster, and Tantilla nigriceps. Many of these were represented 

by only one or two specimens, so it is possible that further collecting 

might have produced some of these species in other associations. Masti- 

cophis flagellum was more common in this association than in any 

of the others. Other species common on the flood plain were Holhrookia 

texana, Phrynosoma coruutum, and Cnemidophorus sacki. 

The canyons and canyon walls correspond to the rocky slopes of the 

Stinnett station, being made up chiefly of limestone rocks. The char¬ 

acteristic cover here is cedar (Juniperus), with mesquite common on 

the canyon floor. The only reptile which was almost entirely restricted 

to this association was Crotaphytus collaris. Other species common in 

this association were Holbrookia texana and Cnemidophorus sacki. 

The eroded slopes are mainly talus deposits, with some rocks. The 

chief vegetation consists of a cover of Microrhamnus. No reptiles were 

found restricted to the eroded slopes, nor were any found more com¬ 

monly here than in any other association. The only species recorded 

from here were Holbrookia texana^ Phrynosoma modesturn, Cnemido¬ 

phorus sacki, and Crotalus atrox. 

The uplands area above the rimrock is characterized by a cover of 

mesquite in association with grama and buffalo grasses. A few woody 

plants are present. Arizona elegans was taken only in this area. Species 

more common here than in any other association were Phrynosoma 

cornutum, Phrynosoma modestum, and Cnemidophorus sacki. 

The sand dunes cover only a small area on the uplands. They are 

formed by sand blown from adjacent plowed fields, and are practically 

devoid of vegetation. Holbrookia maculata was restricted to this as¬ 

sociation. The only other species found here were Phrynosoma cornu- 

turn and Phrynosoma modestum. 

ANNOTATED LIST OF SPECIES 

A total of 846 specimens of 31 species of reptiles was collected at 

the Stinnett station. These include 34 specimens of four species of 

turtles, 377 specimens of six species of lizards, and 435 specimens of 

21 species of snakes. At the Lamesa station 191 specimens of 24 species 

were collected. These include four specimens of three species of turtles, 

140 specimens of eight species of lizards, and 47 specimens of 13 

species of snakes. Other miscellaneous records are presented to fill in 

some of the gaps in the known distribution of reptiles in northwestern 
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Texas. These data add further to the locality records in Brown’s 

(1950) checklist, and also those reported by Smith and Sanders 

(^1952). There may be repetition of some county records, but we have 

tried to avoid duplication of specific localities. 

. In the list to follow, all statistical data are given in a rough form, i.e., 

the mean was rounded off to the nearest whole number, etc. 

Chelonia 

Kinosternon /. flavescens (Agassiz) 

Stinnett: 15 specimens. All but one came from the creek. The other 

one was collected in a dirt tank in the deep sand where sage was 

dominant around the tank. 

Lamesa: Two specimens were collected from the creek. 

Miscellaneous: Dallas County, 20 mi. NW of Dalhart; Hartley 

County, near Oldham on Boys’ Ranch. 

^ Chely dr a s. serpentina (Linnaeus) 

Stinnett: One specimen was collected on the flood plain. The tracks 

of this turtle were followed for several hundred yards before it was 

found in a small pool in the creek bed. 

Terrapene o. ornata (Agassiz) 

Stinnett: 12 specimens. This was one of the most common reptiles to 

be found here, and many more were seen than the 12 collected. These 

turtles were rather evenly distributed over all three major associations. 

Occasionally one of these turtles would be found in one of the large 

tin cans which were set in the ground as lizard traps. 

Lamesa: Only one specimen was found here, in the mesquite-grass 

of the uplands. 

Miscellaneous: Childress County, 3 mi. E of Estelline; Dallam 

County, 5 mi. SE of Texline; Hartley County, near Romero; Moore 

County, 7 mi. S of Dumas; Potter County, 7 mi. NW of Amarillo. 

Pseudemys scripta elegans (Wied) 

Stinnett: Six specimens. Five were taken from the flood plain and 

one from an area of sumac and sand dunes in the deep sand. 

Lamesa: One juvenile specimen was found on the flood plain. 

Miscellaneous: Erath County, rai. S of Thurber. 
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Lacertilia 

Holhrookia m. maculata Girard 

Stinnett: 43 specimens. Most of these came from the deep sand, but 

nine were taken from the flood plain and two from rocky slopes. They 

were always found in close association with sand, most commonly 

where either sage or Andropogon occurred. 

Lamesa: Seven specimens were taken from the sand dunes in the 

uplands. 

Holhrookia t. texana (Troschel) 

Lamesa: 11 specimens. Six were taken from the canyons, four from 

the flood plain, and one from the eroded slopes. 

^ Miscellaneous: Briscoe County, 7 mi. NW of Silverton; Eastland 

County, 9 mi. S of Ranger; Erath County, 2 mi. N of Thurber; Palo 

Pinto County, 1 mi. E of Strawn. 

Uta stanshuriana stejnegeri Schmidt 

Miscellaneous: Howard County, 2 mi. W of Big Spring, and Vi 

NE of Big Spring; Randall County, Palo Duro State Park. 

Crotaphytus collaris (Say) 

Stinnett: 65 specimens. Fifty-four of these were found on rocky 

slopes, and the remaining 11 were taken from areas in the deep sand 

where rocks were abundant. These lizards would often run into clumps 

of yucca if prevented from entering their usual abodes. 

Lindsay (1951) included these in his study of variation within this 

species and found that ten (15.4%) had a double row of interorbital 

scales—supposedly diagnostic of the subspecies collaris—and 55 

(84.6%) had one or more scales of the interorbital row fused to the 

single condition—supposedly diagnostic of the subspecies haileyi. 

Lamesa: 14 specimens. All but one were taken from the canyons 

and canyon walls, the other one being taken in the mesquite-grass of 

the uplands. Eight specimens had single interorbital scales, five had 

double rows, and one was indefinite. In life the males had yellow 

heads and other yellow markings, fitting the color description of 

Fitch and Tanner’s (1951) Utah race auriceps quite well. 

Miscellaneous: Archer County, 2 mi. N of Windhorst, and 3 mi. NE 

of Dundee; Eastland County, Ranger, and 9 mi. S of Ranger. 
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The basis for separation of the two races collaris and baileyi is still 

of such doubtful significance that we prefer not to designate the speci¬ 

mens collected in northwestern Texas as to subspecies. 

Sceloporus olivaceus Smith 

Laniesa: No specimens were collected, but a possible sight record 

was reported. 

Miscellaneous: Eastland County, about 8 mi. S of Ranger; Erath 

County, near Thurber; Palo Pinto County, 1 mi. E of Strawn. 

Sceloporus undulatus consobrinus Baird & Girard 

Laniesa: Two specimens were collected from mesquite on the flood 

plain. 

Miscellaneous: Briscoe County, 12 mi. NW of Silvertoii; Childress 

County, 3 mi. SE of Estelline; Eastland County, about 8 mi, S of 

Ranger. 

Sceloporus undulatus garmani Boulenger 

Stinnett: 38 specimens. Seventeen were taken from the flood plain 

(three from cottonwoods), 15 from the deep sand (most commonly 

in association with sage or on fence posts), and eight from rocky 

slopes. Several specimens were found ''roosting” in sage bushes at 

night. 

Phrynosonia cornutum (Harlan) 

Stinnett: Only 42 specimens were collected, but this species was 

very common, chiefly in the deep sand, but also on the flood plain. A 

few were also found on rock}^ slopes. One individual was found “roost¬ 

ing” in a sage bush at night. 

Laniesa: 35 specimens. Eighteen were found on the uplands, seven 

came from the flood plain, five from the sand dunes, four from the 

eroded slopes, and one from the canyon. Here again this lizard was 

one of the most common reptiles. 

Miscellaneous: Briscoe County, 1 7 mi. NW of Silverton; Childress 

County, 3 mi. SE of Estelline, and 1 mi. SE of Memphis (DOR, sight 

record); Eastland County, about 8 mi. S of Ranger, and 5 mi. N of 

Ranger; Erath County, 4 mi. E of Thurber; Garza County, about 30 

mi. SE of Lubbock; Howard County, Big Spring; Randall County, 

Palo Duro State Park; Stephens County, 7 mi. N of Ranger; Taylor 

(>ounty, 4 mi. SE of Lawn. 
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Phyrnosoma modestum Girard 

Lamesa: Eight specimens. Four came from the uplands and one 

came from each of the other four associations. 

Eumeces hrevilineatus Cope 

Miscellaneous: Callahan County, 19 mi. W of Cross Plains. 

Eumeces obsoletus (Baird & Girard) 

Stinnett: 60 specimens. Twent3"-eight were taken from the rocky 

slopes, 24 from the flood plain (one from a cottonwood grove), and 

eight from the deep sand. Man}^ of these lizards were taken from live- 

catch type small mammal traps. 

One female was found in a burrow with a clutch of 17 eggs on 

June 11, and another clutch of seven eggs was found under a rock the 

following da^L Both groups of eggs were on rocky slopes. 

Lamesa: Three specimens were taken from live-catch small mam¬ 

mal traps on the flood plain. 

Eumeces septentrionalis obtusirostris Bocourt 

Miscellaneous: Eastland County, 7 mi. S of Ranger. 

Cnemidophorus sacki gularis Baird & Girard 

Lamesa: 60 specimens. Twenty-eight were taken on the uplands, 16 

came from the flood plain, 11 from the canyon and walls, and five 

from the eroded slopes. This was probably the most common reptile 

in the region. 

Miscellaneous: Eastland County, about 8 mi. S of Ranger; Erath 

County, 2 mi. SW of Thurber; Howard County, 5 mi. NE of Big 

Spring, and % mi. S of Ackerly. 

Cnemidophorus sexlineatus (Linnaeus) 

Stinnett: 129 specimens. All but nine were from the deep sand. Six 

came from the flood plain, and three were from rocky slopes. They 

were most frequently found in association with sage-sumac and 

Andropogon-smnsiC vegetation types. This seemed to be the most 

abundant reptile in the region. 

Often one of these lizards would feed, or attempt to feed while 

being pursued by the collector. While running and nervously dodging 
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US, a lizard would often be diverted by an insect and would try to 

catch it. Sometimes the lizard would actually ingest the insect while 

fleeing from us. 

These lizards were often followed to burrows which they had pre¬ 

sumably dug themselves. These burrows were usually about one to two 

times the length of the lizard, very slightly larger in diameter, and 

extended one or two inches below the surface of the sand. 

Miscellaneous: Eastland County, 9 mi. S of Ranger; Throckmorton 

County, 18 mi. SW of Throckmorton. 

Cnemidophorus tessellatus (Say) 

Miscellaneous: Briscoe County, 12 to 17 mi. NW of Silverton; Ran¬ 

dall County, 20 mi. SE of Amarillo. 

Serpentes 

Leptotyphlops dulcis (Baird & Girard) 

Lames a: Two specimens were collected from the flood plain. Both 

were taken between 8:00 and 10:30 p.m., after an afternoon shower. 

They were both found on a grassy mesquite bank along a creek. One 

specimen had the supralabial undivided on both sides; the other had 

the supralabial undivided on one side, but the head was injured to 

such an extent that the condition of the supralabial on the other side 

could not be determined. 

Leptotyphlops myopica dissecta (Cope) 

Stinnett: 47 specimens. One was taken from a rocky area on the 

flood plain, and the others were from rocky slopes. They were espe¬ 

cially common under rocks in the morning after a hard rain. All speci¬ 

mens had the supralabial divided on both sides. The longest specimen 

measured 222 mm. 

Opheodrys aestivus (Linnaeus) 

Miscellaneous: Erath County, 4 mi. SE of Thurber. 

Diadophis punctalus arnyi Kennicott 

Stinnett: 27 specimens. Sixteen were taken from the flood plain 

(one from a cottonwood grove), 11 from rocky slopes, and one from 

the deep sand at the base of a rocky slope. Large concentrations of these 
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snakes could be found on the flood plain under woody debris left by 

receding water several days after the water had gone down but while 

the sand w^as still damp beneath the debris. 

The ventral scutes numbered 156-169 (M = 161) in 14 males and 

168-187 (M =: 177) in 13 females. 

Miscellaneous: Briscoe County, 20 mi. SE of Amarillo; Erath 

County, 6 mi. SE of Thurber. 

Diadophis punctatus docilis Baird & Girard 

Lamesa: Five specimens. Two were taken from the canyon, two 

from the uplands, and one from the flood plain. The ventrals of one 

male were 179, and of four females were 197-210 (M = 206). 

Heterodon n. nasicus Baird & Girard 

Stinnett: Eight specimens. Six were taken from the deep sand, one 

from the flood plain, and one from along a rocky slope. One small 

specimen ate a lizard (Sceloporus undulatusj when both were placed 

in the same sack. 

Lamesa: Two specimens were collected, one from a canyon and one 

from the uplands. 

Miscellaneous: Armstrong County, Claude; Howard County, 2 mi. 

W of Big Spring; Randall County, 6 mi. SE of Amarillo, and 27 mi. S 

of Amarillo. 

Heterodon p. platyrhinos (Latreille) 

Stinnett: 19 specimens. Fourteen were taken from the flood plain 

(two from cottonwood groves), four from the deep sand, and one from 

a rocky slope. 

One specimen disgorged an adult Bufo ivoodhousei and another one 

disgorged a Bujo cognatus. 

Coluber constrictor flaviventris Say 

Stinnett: 25 specimens. Eleven were collected from the flood plain 

(one from the cottonwoods), eight from the deep sand (usually around 

the sage-sumac), and six from the rocky slopes. 

One of these snakes disgorged an adult harvest mouse (Reithro- 

dontomys). 

Miscellaneous: Eastland County, 9 mi. S of Ranger. 
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Masticophis flagellum testaceus (Say) 

Stinnett: 53 specimens. Thirty-three came from the flood plain 

(nine from cottonwood groves), 15 came from the deep sand, and five 

from rocky slopes. 

One coachwhip was seen swallowing an adult Phrynosoma cor- 

niitum^ another swallowing an adult Crotaphytus collaris, and still 

another swallowing a pocket mouse (Perognathiis hispidiis). One 

specimen disgorged a toad (Scaphiopus bombifrons)^ and another dis¬ 

gorged a mouse (Peromyscus leucopus). 

Lamesa: 13 specimens. Nine were from the flood plain, three from 

the uplands, and one from a canyon. Several coachwhips were ob¬ 

served feeding on Rana pipiens. 

Miscellaneous: Eastland County, about 6 mi. S of Ranger; Erath 

County, 1/4 mi. SE of Thurber; Howard County, II/2 mi. S of Ackerly. 

Elaphe guttata emoryi (Bail'd & Girard) 

Stimiett: Eight specimens. Three came from rocky slopes, three 

from the deep sand, and two from the flood plain (one from a cotton¬ 

wood grove). 

The following counts were made: For five males, ventrals 211-217 

(M = 214); caudals (four specimens) 72-76 (M = 74); ventrals 

plus caudals (four specimens) 288-290 (M = 289); dorsal blotches 

53-59 (M = 56); tail blotches (four specimens) 22-26 (M == 24); 

total blotches (four specimens) 76-85 (M = 80). For three females, 

ventrals 215-220 (M = 218); caudals 58-65 (M = 62); ventrals 

plus caudals 278-283 (M = 280); dorsal body blotches 49-54 (M = 

51); tail blotches 15-21 (M =17); total blotches 65-70 (M = 68). 

One specimen disgorged two Bullock’s Orioles (Icterus bullocki). 

Lamesa: Two adult males were collected on the flood plain. The 

following counts were made: Ventrals 210, 215; caudals 68, 70; ven¬ 

trals plus caudals 278, 285; dorsal blotches 44, 62; tail blotches 15, 21; 

total blotches 59, 83. The two specimens are quite different in appear¬ 

ance due to the difference in number and size of dorsal blotches. This 

is a good example of the great amount of variation present in this 

species. 

Miscellaneous: Throckmorton County, 20 mi. SW of Throckmorton. 

Elaphe obsolete lindheirneri (Baird & Girard) 

Miscellaneous: Eastland County, 9 mi. S of Ranger. 
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Arizona elegans Kennicott 

Stinnett: 12 specimens. Seven were taken from the deep sand 

(chiefly in association with sage), four from the flood plain, and one 

from along a rocky slope. All were found after sunset and before 

sunrise. 

On two occasions we observed one of the snakes burrowing in the 

sand at the base of a sage bush. In a very short time the snake was 

able to disappear just below the surface, leaving no visible indication 

of its presence. Possibly these snakes bury themselves in the sand just 

deep enough to provide protection from daytime heat, with the shade 

of the sage plants perhaps offering some additional protection. 

The following counts were made: For four males, ventrals 207-213 

(M = 209); caudals 58-60 (M = 59); dorsal body blotches 59-67 

(M = 62). For eight females, ventrals 211-226 (M = 217); caudals 

(seven specimens) 48-54 (M = 51); dorsal body blotches 57-64 

(M = 60). 

Using Klauber’s (1946) key, on the basis of ventral count three of 

the four males and seven of the eight females would be assigned to the 

subspecies blanchardi, the others being elegans. On the basis of body 

blotches, all would be blanchardi. 

Lamesa: Three specimens were collected from the uplands, but one 

of these escaped. The two others were an adult and a juvenile female. 

The following counts were made: Ventrals, adult 216, juvenile 219; 

caudals, adult with incomplete tail, juvenile 49; dorsal body blotches, 

adult 61, juvenile 67. Both specimens key to blanchardi using both 

ventrals and body blotches. 

Miscellaneous: Childress County, 15 mi. NW of Childress (DOR, 

sight record); Howard County. 5 mi. NE of Big Spring. The latter 

specimen is a male, ventrals 211, caudals 59. and dorsal body blotches 

52. Following Klauber’s key, this specimen would be assigned to the 

subspecies elegans^ using both characteristics. 

Hunsaker and Sellers (1953) reported on several specimens of this 

species from northwestern Texas which they suggested might be inter¬ 

grades between the two races. Their data, as well as Klauber’s (1946) 

and our own, show the geographic variation of this species from the 

northern to the southern portions of its range, with respect to ventral 

count (Table I). The first and last entries are the larger samples used 

by Klauber (1946) in his generic monograph. Blanchardi represents 

a sample of 36 snakes, chiefly from Kansas and Oklahoma, plus a few 

from Colorado, Nebraska and New Mexico. Elegans represents a 

sample of 39 specimens from Texas, chiefly from the brush country" 
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below San Antonio, plus a few from the Big Bend and Lubbock areas. 

The specimens from Oldham, Lubbock, Crosby, Garza, and Taylor 

Counties are those reported by Hunsaker and Sellers (1953), The 

records from Hutchinson, Dawson, and Howard Counties are included 

in this study. The mean ventral counts for males and females at each 

locality are given, with the number of specimens in parentheses. 

Two things are apparent from Table L (1) the entire northwestern 

Texas series is intermediate between the races blanchardi and elegans, 

and (2) there is a clinal increase in ventral scute counts evident from 

northern to southern populations. Klauber (1946) mentions that a 

clinal increase from north to south is also found within blanchardi. 

Table I 

Comparison of ventral scute counts among several samples of Arizona elegansA 

Ventrals 
Sample Males Females 

Blanchardi ............ 

Hutchinson County .... 

Oldham County. 

Lubbock-Crosby Counties 

Garza County. 

Dawson County .. 

Howard County . 

Taylor County . 

Elegans . 

204.6 (23) 214.5 (13) 

209 (4) 217 (8) 

. 214 (1) 

209.5 (2) 

210 (2) 215 (1) 

. 217.5 (2) 

211 (1) . 

211 (2) . 

214.7 (29) 225.1 (10) 

The entries Blanchardi and Elegans represent the samples used by Klauber 

(1946) in delimiting the two races. County records are from data presented by 

Hunsaker and Sellers (1953) and by the present authors. 

The mean ventral count of each sample is given, and is followed by the number 

of specimens in the sample. 

Using ventral count as a basis we may infer that Klauber’s sub¬ 

species elegans and blanchardi probably compose a continuous popu¬ 

lation with a degree of clinal variation, but no restriction of gene flow, 

the only isolation being that by distance. It is probably safe to con¬ 

clude that either (1) there is no restriction of gene flow between the 

proposed races, therefore they should again be considered as one; or 

(2) ventral count cannot be considered valid as a diagnostic character 

separating the proposed races. 

Since Hunsaker and Sellers (1953) did not present any data on the 

dorsal body blotches of their specimens, we have not attempted to 

perform a similar analysis of that character. Until this is done, and 
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more specimens are examined from northwestern Texas with regard to 

both characters, we cannot be sure of the status of these races. 

Pituophis catenifer sayi (Schlegel) 

Stinnett: 11 specimens. Seven were taken from the flood plain (one 

from cottonwoods), and four from the deep sand. We found this species 

almost entirely diurnal in its activities here, although it avoided the 

hot part of the day. 

Lamesa: One specimen was taken on the flood plain. 

Miscellaneous: Briscoe County, 12 mi. NW of Silverton; Carson 

County, 8 mi. N of Panhandle; Childress County, 3 mi. SE of Estelline, 

and 4 mi. NW of Childress (DOR, sight record); Hartley County, 3 

mi. NE of Romero. 

Lampropeltis c. calligaster (Harlan) 

Stinnett: One specimen was collected from the deep sand in associa¬ 

tion with sage. 

Lampropeltis getulus holbrooki (Stejneger) 

Miscellaneous: Carson County, 1 mi. S of Conway (DOR, sight 

record). 

Lampropeltis getulus splendida (Baird & Girard) 

Lamesa: One juvenile specimen was collected on the flood plain. 

Miscellaneous: Eastland County, 9 mi. S of Ranger; Erath County, 

1/4 mi. S of Thurber. 

Rhinocheilus lecontei tessellatus Garman 

Stinnett: Four specimens. Two were taken from the deep sand, one 

from the flood plain, and one from the rocky slopes. We observed one 

of these snakes burying itself in the sand in the manner described for 

Arizona elegans. Like Arizona^ these snakes seemed to be entirely 

nocturnal. 

One specimen disgorged an adult pocket mouse (Perognathus his- 

pidus) and another disgorged an adult kangaroo rat (Dipodomys ordi). 

Lamesa: One specimen was collected from the uplands. 

Miscellaneous: Throckmorton County, 20 mi. SW of Throckmorton. 
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Sonora e. episcopa (Kennicott) 

Stinnett: 55 specimens. Definitely a saxicolous species, we found 52 

of them on rocky slopes. Two came from sandy hillsides (deep sand 

association) under rocks, and one from the flood plain under a rock. 

Both banded and non-banded forms were taken in large numbers. 

Miscellaneous: Archer County, 3 mi. NE of Dundee; Eastland 

County, 9 mi. S of Ranger; Erath County, 4 mi. E of Thurber; Throck¬ 

morton County, 20 mi. SW of Throckmorton. 

Storeria dekayi texana Trapido 

Miscellaneous: Erath County, 7 mi. SW of Thurber. 

Natrix erythrogaster transversa (Hallowell) 

Stinnett: One adult was taken from the creek bed on the flood plain. 

Although special effort was made to secure additional specimens, no 

more were found. 

It is interesting to note that Natrix was virtually absent here, while 

Tharnnophis was very abundant. The reverse was the case at the 

Lamesa station, as will be shown. 

Larnesa: Eight were collected from Wet Tobacco Creek where this 

snake was common. One specimen disgorged a sunfish. Lepomis cyan- 

ellus. 

Miscellaneous: Eastland County, 1 mi. S of Ranger, and 9 mi. S of 

Ranger; Erath County, mi. S of Thurber; Palo Pinto County, 1 mi. 

E of Strawn. 

Natrix r. rhombifera (Hallowell) 

Miscellaneous: Eastland County, 9 mi. S of Ranger, 

7'harnnophis marcianus nigrolateris (Brown) 

Stinnett: Ten specimens. Eight were taken on the flood plain (one 

from the cottonwoods), and two from the deep sand. One of those taken 

from the deep sand was at least 1000 yards from the creek bed and the 

nearest water. 

Fouquette (1954) noted that one specimen from this locality dis¬ 

gorged a Scaphiopus bombifrons, and the stomachs of three others 

contained unidentifiable amphibians. 

Lamesa: One adult was collected on the flood plain. 
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Miscellaneous: Briscoe County. 12 mi. NW of Silver ton; Howard 

County, 13 mi. NE of Big Spring; Potter County, 20 mi. NE of Ama- 

fillo; Randall County, 6 mi. SE and 27 mi. S of Amarillo. 

Thamnophis radix hay deni (Kennicott) 

Stinnett: One was collected from the creek bed. Inasmuch as this 

species has not been previously reported from Texas, a brief descrip¬ 

tion follows: Adult male; ventrals 170; caudals 85; dorsal scale counts 

21-21-19-19; dorsal stripe involving vertebral row plus half of each 

adjacent row, sharply defined; lateral stripe involves third and fourth 

dorsal scale rows. The ground color in life was a straw color much like 

that of T. marcianus from this area; the dorsal stripe was yellow- 

orange, the lateral stripes light yellow. 

Thamnophis sauritus proximus (Say) 

Stinnett: Fifty-two specimens were collected from the flood plain. 

Both T. sauritus and T. sirtalis were abundant in the area. 

Thamnophis sirtalis (Linnaeus) 

Stinnett: 69 specimens. Fifty-eight were taken on the flood plain 

(five from cottonwoods), ten from the deep sand, and one from along 

a rocky slope. 

The following counts were made: For 23 males, ventrals 158-164 

(M = 161); caudals 78-91 (M = 84); ratio of tail to total length 

.23-26 (M — .25). For 46 females, ventrals 149-159 (M = 156); 

caudals 65-86 (M = 74); ratio of tail to total length .21-.24 (M = 

.23). In ventral and caudal counts these specimens appear inter¬ 

mediate between the subspecies annectens and parietalis. The pattern, 

however, is not at all suggestive of typical parietalis. There is no red 

color on the skin between the scales, nor a red-barred pattern on the 

sides, nor any fusion of the upper row of spots. The lateral stripe in¬ 

volves the fourth row of scales immediately behind the head in about 

half of the specimens. The dorsal stripe varies in color from orange 

to bright red. 

The average size of these snakes is rather large. The largest is a 

female with a snout-vent length of 95 cm. The tail is incomplete, but 

by adding the average relative length of tail for females (23% of the 

total), we obtain a probable total length of 123 cm., or slightly over 

four feet—somewhat larger than previously reported for this species. 
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Another female has a snout-vent length of 94.5 cm., and an incomplete 

tail; thus it too should be about four feet. 

One of the survey party observed a pair of these snakes in copu¬ 

lation on the morning of June 11. A total of seven snakes of this 

species was taken from the same pile of old lumber where the copulat¬ 

ing pair was observed. 

Fouquette (1954) found that most of these snakes which contained 

food had eaten earthworms, with adult anurans a secondary food. One 

had eaten a bird, and another disgorged a quail egg. 

Hypsiglena torquata texana Stejneger 

Stinnett: Nine specimens were collected from rocky slopes. They 

were usually found under rocks in the morning after a hard rain. 

Miscellaneous: Crosby County, 3 mi. W of Kalgary. 

Tantilla nigriceps Kennicott 

Stinnett: 12 ^specimens. Six were from rocky slopes, three from the 

deep sand, and three from the flood plain. 

This sample seems to be intermediate between the races nigriceps 

and fumiceps. Six males have a ventral count of 138-147 (M=143), 

and six females have a ventral count of 149-168 (M=155), Using 

Brown (1950), one male keys to nigriceps, one to fumiceps, and four 

are intermediate. Five females key to nigriceps and one to fumiceps. 

Lamesa: Two specimens, a male and a female, were taken from the 

flood plain. The male has 136 ventrals and the female has 147 ventrals, 

which would place both in the subspecies fumiceps. 

Intergrades have been reported (Brown, 1950) in three counties 

east of Lamesa, and good fumiceps farther east. Thus perhaps this, too, 

is an area of intergradation—the sample is too small to tell. 

Both the Stinnett and Lamesa samples strongly suggest that the geo¬ 

graphic variation in this species is still a formidable problem which can 

only be solved with additional specimens from more localities. 

Crotalus atrox (Baird & Girard) 

Stinnett: Ten specimens. Five were from the flood plain (two from 

cottonwoods), three from the rocky slopes, and two from the deep sand. 

Two individuals each disgorged a young pack rat (Neotoma micro¬ 

pus). Another disgorged an adult shrew (Cryptotis parva), while still 

another disgorged a pocket mouse (Perognathus hispidus). 
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Lamesa: Eight specimens. Four were from the flood plain, two were 

from the uplands, one was from a canyon, and one was from the eroded 

slopes. One of the specimens taken from the uplands was discovered 

when a bobcat was observed pacing around a clump of mesquite. The 

cat w^as frightened away, and a large rattler was found in the mesquite. 

Miscellaneous: Briscoe County, 17 mi. NW of Silverton; Eastland 

County, 7 mi. S of Ranger; Erath County, 5 mi. SE of Thurber; Ran¬ 

dall County, 27 mi. S of Amarillo. 

Crotalus v. viridis (Rafinesque) 

Stinnett: Two specimens were collected from the deep sand. 

BIOGEOGRAPHIC RELATIONSHIPS 

The reptiles collected at the two principal localities in northwestern 

Texas are representative of five major faunal elements. The relation¬ 

ships of these are as follows, and the species recorded from the Stinnett 

station only (S) or the Lamesa station only (L) are indicated; 

Five species from the Stinnett station and four from the Lamesa 

station are widely distributed over a number of biotic provinces in 

North America. These wide-ranging forms are: 

Sceloporus undulatus Elaphe guttata 

Coluber constrictor (S) Lampropeltis getuliis (L) 
Masticophis flagellum Thamnophis sirtalis (S) 

Eight Stinnett species and six Lamesa species have their geographic 

center of distribution in western North America, ranging east onto the 

Great Plains. These are; 

Crotaphytus collaris 

Heterodon nasicus 

Arizona elegans 

Pituophis catenifer 

Rhinocheilus lecontei 

Hypsiglena torquata (S) 
Crotalus atrox 

Crotalus viridis (S) 

Nine Stinnett species and eight Lamesa species have their center of 

distribution in the Great Plains. These are: 

Kinosternon flavescens 

Terrapene ornata 

Holbrookia maculata 

Phrynosoma cornutum 

Eumeces obsoletus 

Leptotyphlops dulcis (L) 
Sonora episcopa (S) 
Thamnophis marcianus 

Thamnophis radix (S) 
Tantilla nigriceps 
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One Stinnett species and three Lamesa species have their center of 

distribution in Mexico and range northward at least to the Texas Pan¬ 

handle. These are: 

Holbrookia texana (L) Cnemidophorus sacki (L) 
Phrynosoma modestum (L) Leptotrphlops myopica (S) 

Eight Stinnett species and three Lamesa species have their center 

of distribution in the eastern United States and reach or approach their 

western limits in the Texas Panhandle. These are: 

Chelydra serpentina (S) 
Pseudemys scripta 

Cnemidophorus sexlineatus (S) 
Diadophis punctatus 

Heterodon platyrhinos (S) 
Lampropeltis calligaster (S) 
Natrix erythrogaster (S) 
Thamnophis sauritus (S) 

The proportions of the five major faunal elements represented at the 

Stinnett station are as follows: nine species (29.0%) Great Plains; 

eight species (25.8%) western; eight species (25.8%) eastern; five 

species (16.1%) wide-ranging; and one species (3.2%) Mexican. 

The proportions of those faunal elements at the Lamesa station are 

as follows: eight species (33.3%) Great Plains; six species (25.0%) 

western; four species (16.7%) wide-ranging; three species (12.5%) 

eastern; and three species (12.5%) Mexican. 

SUMMARY 

An ecological survey was made of the reptiles of two localities in the 

Texas Panhandle. A total of 846 specimens of 31 species was collected 

from a station near Stinnett in the summer of 1950, and 191 specimens 

of 24 species from a station near Lamesa in the summer of 1952. An 

analysis showed that the reptilian fauna was composed of five major 

elements. Other interesting distributional records from northwestern 

Texas were also presented. 

Thamnophis radix was recorded from Texas for the first time. Lep- 

totyphlops myopica and Thamnophis sirtalis were recorded for the 

first time from the Texas Panhandle, and possible areas of integrada- 

tion of the races of Tantilla nigriceps were indicated. Several distri¬ 

butional gaps were partially filled. 
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A Study of the Nature of Pigment Cells of Oysters and the 

Relation of Their Numbers to the Fungus Disease 

Caused by Dermocystidium Marinurn 

by J. E. STESN AND J. G. MACKIN 

Marine Laboratory, A, & M. College of Texas, Galveston, Texas. 

INTRODUCTION 

Mackin (1951) in his studies of pathological responses of C. vir- 

ginica to the fungus disease D. marinum noted that the so-called pig¬ 

ment cells (Fig. 1) increased in number as the disease progresses and 

that they also appeared in tissues where they are normally rare. He 

also noted that the granules within the pigment cells stained black with 

Heidenhain’s haematoxylin and dark green with Giemsa’s stain. He 

suggested that they might be hemosiderinoid. 

The pigment cells are generally found in the Leidig cell connective 

tissue especially in the area around the stomach. Although their origin 

is not certainly known, it is assumed that they form in leucocytes, and 

are the result of metabolic processes. Primary deposits have been ob¬ 

served in leucocytes. They also occur in heavy concentration in the 

heart. 

HISTOCHEMICAL NATURE OF THE “piGMENT CELLs” 

rhe Problem. The primary objective of the studies described here 

was to determine as accurately as possible, using histochemical meth¬ 

ods, the nature of the pigments found in cells scattered through the 

Leidig cell connective tissue. A secondary objective was to determine 

whether or not the production of the pigments was correlated with the 

disease caused by Dermocystidium marinum. Such a correlation, if it 

existed, would aid in the analysis of the effect of the disease on oysters. 

^ Contribution from the Marine Laboratory of the Department of Oceanography 

of the Agricultural and Mechanical College of Texas, Oceanography and Meteor¬ 

ology Series No. 50; based on investigations conducted for the Texas A. & M. 

Research Foundation through the sponsorship of the Texas Company, Humble Oil 

Refining Company, The California Company, Phillips Petroleum Company, Tide 

Water Associated Oil Company, Gulf Refining Company and Shell Oil Company. 
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Characteristics. The lipofuscin, chromolipoids, luteolipin, hemofus- 

cin, “Abnutzungspigment,” ceroid, pigments of wear and tear, etc., as 

described by Gomori (1953) are iron free, Schiff positive after perio¬ 

date treatment, brownish in color, stainable by fat dyes, resistant to 

dilute acids and alkalies, and resistant to bleaching by oxidants. Gomori 

suggests that they might be derived from the oxidation and polymeriza¬ 

tion of unsaturated fatty acids. 

Lillie (1954) describes lipofuscins as being “generally yellowish- 

brown, iron negative, granular pigments which resist the usual pro¬ 

cedures in paraffin imbedding.” He also mentions that they stain with 

oil-soluble dyes. 

Cain (1950) describes lipofuscin as yellow, brown or black pigments 

insoluble in most solvents, which have an indistinct reaction with 

sulfuric acid, are colourable with sudans, and are distinguished from 

Other lipoids by “their lack of positive character.” He noted that they 

are a little studied group, if they are a group. 

Lison (1936) described the pigments as being yellow, brown, or 

black. They are insoluble in water and in acid and basic solutions. 

Their solubility in fat solvents is variable or they are insoluble. Their 

reaction to iodine and sulfuric acid is negative, but they do stain with 

fat-soluble or oil-soluble dyes. 

Methods and Procedures. Tissues were fixed in both Carnoy’s fix¬ 

ative and 10% formalin. The solubility of pigments and their histo- 

chemical properties were studied using frozen and paraffin sections of 

15 and 5 micra respectively (Table I). 

Results. In the unstained frozen and paraffin sections the pigment 

granules were of a yellowish brown color. They were not affected by 

aliphatic or aromatic fat solvents. The color failed to disappear under 

the oxidizing action of potassium permanganate; this indicated the 

color was not due to the solution of carotenoids in another lipoid. 

The pigment cells gave a negative Perl’s reaction indicating that 

they are iron free. Perl’s reaction depends upon the oxidation of cel¬ 

lular iron to the ferric state and the subsequent formation of ferric 

ferrocyanide, giving a deep blue color. 

The “pigment cells” or the granules within them are reduction sites 

in that ferricyanide is reduced to ferrocyanide which then combines 

with ferric ions in solutions to form insoluble ferric ferrocyanide 

(Prussian blue) at the site of reaction. The reaction is blocked if the 

sites are previously oxidized by potassium permanganate. 

The granules are Schiff positive, giving a deep red color, and are not 

affected by digestion with a one to one thousand aqueous diastase solu- 
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Fig. I. Section of stomach epithelium, connective tissue, and a portion of the digestive 

gland. The large dark bodies are the "pigment" cells filled with coarse granules of (natural) 

yellow color, Heidenhain's haematoxylin, and eosin. Magnification about 220 diameters. 
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tion, or by paraffin imbedding procedures. The Schiff reaction is 

blocked by a two-hour treatment at room temperature in .05 M Na 

HSO3. 
The granules stained with oil-soluble dyes even after alcohol and 

ether extraction. Sudan II gave a yellow orange color. They were 

stained a deep green with azure eosin, and black with Heidenhain’s 

hematoxylin in paraffin sections. The granules were resistant to dilute 

acids and alkalies. A summary of the reactions is given in Table 1. 

Table I 

Summary of histochemical characteristics of the pigment granules 

STAIN EFFECTS FIXATIVE SECTION 

1. Staining Unstained yellow-brown 10% formalin frozen 

techniques Carnoy’s paraffin 

Giemsa (azure-eosin) dark green Carnoy’s paraffin 

Sudan II orange-red 10% formalin frozen 

Heidenhain’s black Zenker’s paraffin 

hematoxylin 

Schiff’s periodic acid deep red Carnoy’s paraffin 

Ferrocyanide reaction negative 

(yellow-brown) 

Carnoy’s paraffin 

Hematoxylin and Eosin negative 

(yellow-brown) 

Carnoy’s paraffin 

Ferric E'errocyanide deep blue Carnoy’s paraffin 

Reduction test 

2. Oxidation Blocks reduction test and Schiff reaction. Carnoy’s paraffin 

by potas¬ Natural color of yellow brown not 10% formalin frozen 

sium per¬ 

manganate 

bleached out. 

Schiff reaction remains positive. Camoy’s paraffin 

digestion 

4. Solubility Insoluble in water or aliphatic or 10% formalin frozen 

aromatic solvents. 

5. Acid & Base Unaffected 10% formalin frozen 

6. NaHSOr, Blocks Schiff’s reaction. Camoy’s paraffin 

Conclusions. The granules within the pigment cells manifest all of 

the characteristics of the lipofuscins. All tests peculiar to the lipofuscins 

that were attempted proved to be positive. 

STATISTICAL ANALYSIS OF THE RELATIONSHIP BETWEEN THE 

NUMBER OF PIGMENT CELLS AND INFECTION BY D. MARINUM 

Method of Observation. Ten histological slides prepared from ten 

slightly infected or uninfected oysters were selected and the pigment 
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granules in ten microscopic fields per slide were counted. The sections 

passed through the viscera at approximately the same level in all cases. 

In each case the area adjacent to the stomach epithelium was used as 

the area of observation. The same procedure was followed with ten 

slides made from heavily infected oysters. The data were then tabu¬ 

lated in Table II. 

The Problem. The problem was to determine and evaluate the sig¬ 

nificant difference, if any, in the number of pigment cells in the two 

groups of oysters. 

Analysis. The sum of the squares of the deviation from the mean 

and the mean square for each source of variation were computed, using 

the associated degrees of freedom. Then each variance was isolated 

from the computed mean square. The variance ratio F (1953) was used 

to test the significance of the difference, and the fiducial intervals 

for each group mean were computed to demonstrate the average num¬ 

ber of granules per field expected to be associated with each group. 

A summary of the analysis of variance is given in Table III. In a test 

of null hypothesis, i.e., where the isolated variance for groups is 

zero instead of 17.92, as actually found, and the large mean square 

for group is the result of random sampling only, the variance ratio 

F=: 
T lOo-Q^ T lOOo-g^ 

+ lOtTo^ 
with degrees of freedom for numerator 

and denominator one and eighteen respectively, is on the 1 o/o level 

6.12. Since there is only one chance in a hundred of obtaining a higher 

ratio, in a situation in which there is no real difference our observed 

value of 10.62 permits conclusion with confidence that a real difference 

exists. 

Further evidence that there are two distinct groups of oysters is 

found in the fiducial interval. If 30.25 is accepted as a common vari¬ 

ance in all populations, with 180 degrees of freedom, the 95 o/o semi- 

- 30 25 
interval is t.05 sx = 1.972 (——) = — pigment cells. The 

fiducial interval for the heavily infected oysters is 12.85 to 16.33, while 

that for the light or uninfected is 6.56 to 10.04, indicating that there 

are two distinct groups. 

Discussion and Conclusions. If lipofuscins are the results of the poly¬ 

merization of unsaturated fatty acids or fat molecules, an increase in 

the amount of lipofuscin would indicate a change in fat metabolism, 

possibly of the nature of increased chemical oxidative and reductive 
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metabolic processes in the organism. The granules within the ‘'pigment 

cells” were histochemically demonstrated as being a carotenoid free 

lipofuscin. It was also shown that there are significantly more “pig¬ 

ment cells” in heavily infected oysters than in uninfected or lightly 

infected oysters, indicating that there is a change in fat metabolism 

associated with the disease. 
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A Summer Study of the Biology and Ecology 

of East Bay, Texas' 

Part IL The Fish Fauna of East Bay, The Gulf Beach, and 

Summary. 

by GEORGE K. REID, JR.2 

CHONDRICHTHYES 

EUSELACHII 

Carcharhinidae 

Carcharhinus Umbatus (Muller and Henle). Spot-fin Shark. Two 

examples of this species were caught in the trammel net. They were 

taken in two collections near the north shore in salinities near 16.0%o 

and surface temperatures of 29.5° C. 

Additional individuals were observed swimming near the surface, 

indicating that the spot-fin is relatively common in East Bay. 

BATOIDEI 

Dasyatidae 

Dasyatis sabina (LeSueur). Stingaree. Eourteen specimens of this 

ray were caught; one was taken in the trawl and 13 were caught in 

the trammel net. All of the rays caught were females and ranged in 

size from 310 to 384 mm. (disc length, measured from tip of snout 

to posterior edge of pelvics). Several individuals aborted embryos 

which ranged from 114 to 144 mm. in total length. 

All of the rays captured in the trammel net were taken in the two 

collections along the north shore of the bay as described above for C. 

Umbatus. 

^ A contribution from The Marine Laboratory, Texas Game and Fish Commission, 

Rockport, Texas. Part I of this paper appeared in Volume VII, Number 3, of this 

journal. It consists of an introduction, a description of the area and hydrographic 

data, and a general discussion of ecological relationships within the fish community. 

Detailed data pertaining to abundance, size, and ecology of the larger invertebrate 

forms encountered during the study are presented in an annotated list. The figures 

referred to in Part II are contained in Part I. 

2 Present address; Department of Wildlife Management, Agricultural and Me¬ 

chanical College of Texas, College Station. Texas. 
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OSTEICHTHYES 

HOLOSTEI 

Lepisosteidae 

Lepisosteus productus Cope. Spotted Gar. One specimen of the 

spotted gar was caught in the trammel net, and one partly decayed 

example was found on the shore of a spoil bank in the upper region 

of the bay. Except for one unidentified gar which escaped the minnow 

seine, these records constitute the entire catch of gar in East Bay. 

These fish appeared to be more common in the upper end of the 

bay in water of lower salinity. The highest salinity in which gar 

were recorded was approximately 17.0 %c. 

Local fishermen insist that the bay is heavily infested with gars, 

including the large alligator gar, Lepisosteus spatula Lacepede. In 

view of the habits of several species of gars which are known to enter 

brackish to salt water, and the nature of this area, it is reasonable to 

assume that East Bay supports at least a fair population of these fishes. 

ISOSPONDYLI 

Elopidae 

Elops saurus Linnaeus. Ladyfish, Big-eyed Herring. Twenty-nine 

ladyfish were caught during the investigation. Twenty-eight were 

taken in 11 of 15 seine collections, while only one was caught in the 

trawl. The seine catch of E. saurus constituted less than one per cent 

of the total fish catch by that gear. The fish ranged from 76 to 203 mm. 

in length. 

The lowest salinity at which E. saurus was collected was ILO 

and the specimen was the single example taken in a trawl collection. 

All other specimens were caught in shallow water in salinities from 

12.0 to 16.5%o. 

Stomach contents of eight fish, 82 and 185 mm. in length, were 

examined. Of seven which contained food, fishes (clupeids and 

atherinids) were contained in five, while small shrimp (peneid) were 

found in four of the stomachs. 

Clupeidae 

Hagengula pensacolae pensacolae Goode and Bean. Pilchard. This 

species is represented in the East Bay collections by one small 

specimen taken near shore in the minnow seine in July. The salinity 

was 13.0 %o. These fish normally inhabit waters of higher salinity, 

and their occurrence in large numbers in East Bay is not to be ex¬ 

pected. 
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Brevoortia patronus Goode. Menhaden. A total of 1,888 men¬ 

haden was caught. Of the total, 349 were taken in 20 of 32 trawl col¬ 

lections, while 1,539 were captured in 10 of 14 seining operations. This 

species constituted 1.8 per cent of the trawl catch and 20.7 per cent 

of the seine collection. 

As shown in Figure 3, these fish were taken in great numbers in 

the upper regions of East Bay. There, an average of 17.0 fish per trawl 

collection was obtained as compared with 2.12 and 1.71 for the north 

and south shores respectively. However, in the case of this species the 

statistical treatment should be approached with caution. The men¬ 

haden is typically a “schooling” fish, and the possibility of pulling 

the trawl through a school at one time while perhaps missing a nearby 

school at another time must be considered. 

Figure 6 demonstrates that during the investigation the fish ranged 

in size from 27 to 114 mm., with most of the fish between 27 and 60 

mm. The role of the small fish of this species in the energy cycle of 

East Bay has been discussed in an earlier section and is further empha¬ 

sized in the presentation of food of individual species in the annotated 

list. Eurthermore, it should be pointed out that birds of the area also 

exact a toll on these fish. On numerous occasions numbers of gulls 

and terns were observed to be feeding on schooling fishes, and it is 

quite reasonable to assume that the prey was menhaden. 

The capture of specimens in the trawl which operated on the bot¬ 

tom and also in surface plankton tows, together with evidence from 

bird feeding and shallow-water seine collections along the shoreline, 

indicates a widespread distribution of the species within the bay. 

The presence of this population of B. patronus in East Bay is par¬ 

ticularly interesting in the light of previous ideas on the distribution 

of the species. Gunter has pointed out (in litt.) that B. gunteri is the 

characteristic inhabitant of the bays of southern Texas, and that B. 

patronus occurs in Gulf waters of higher salinity. He suggests (loc. 

cit.) that these data from East Bay together with the occurrence of B. 

patronus (instead of B. gunteri) in Lake Ponchartrain, Louisiana, 

indicate a distribution pattern for the two species based on “regional 

differences,” 

Signalosa petenensis (Gunther). Threadfin Shad. Eour examples 

of S. petenensis were caught in two of 32 trawl collections. Three were 

caught in the upper end of the bay and one on the north shore near 

the mouth of Robinson Bayou. 

Dorosoma cepodianum (LeSueur). Gizzard Shad. Forty gizzard shad 

were caught during the investigation. Eight were caught in five of 32 
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trawl hauls and 32 were taken in three of six trammel net collections. 

The size range of all specimens was from 76 to 240 mm., although 

most of the fish ranged between 107 and 240 mm. in length. The fish 

were caught in the upper part of the bay and along the north shore 

near the mouth of Robinson Bayou. 

Engraulidae 

Anchoa hepsetus (Linnaeus). Anchovy. This species of anchovy 

is represented in the collection by 60 specimens ranging from approxi¬ 

mately 42 to 55 mm. in length. Two individuals were taken in one 

trawl collection and the remainder was caught in shallow water in 

six of 14 seine collections. 

The relatively small number of A. hepsetus taken in East Bay is in 

agreement with Gunter (1945:33), who found that only three per 

cent of the 1,283 specimens which he collected were taken at salinities 

less than 15.0 %o. 

We follow Gunter {op. cit., 32) in referring the fish to the species 

only, although Hildebrand (1943) recognizes two subspecies, Anchoa 

hepsetus hepsetus and Anchoa hepsetus colonensis, in this general 

area. 

Anchoa mitchilli diaphana Hildebrand. Bay Anchovy. A total 

of 4,233 examples of Anchoa mitchilli diaphana was collected during 

June and early July. Of these, 2,332 were caught in 31 of 32 trawl 

hauls and 1,901 were taken in all of the seine collections. The trawl 

catch oi A. m. diaphana constituted 12.2 per cent of the total catch by 

that gear, while the numbers caught in the seine represented 25.6 

per cent of the total seine catch. 

Figure 6 shows that the fish ranged in size from 15 to 67 mm. with 

most of the specimens being 15 to 55 mm. in length. Two trawl hauls 

made on consecutive days at different localities caught fish of two size 

groups. The first haul, made along the north shore, contained 74 speci¬ 

mens which ranged in size from 35 to 51 mm. with the mean near 42 

mm. The second collection made near the upper end of the bay caught 

64 individuals which ranged from 22 to 40 mm. with the mean near 

29 mm. This condition might be explained on the basis of size associ¬ 

ation which occurs in other fishes such as some clupeids. 

Although third in position in numbers of fishes caught (Figure 4), 

this species is probably the most abundant fish in the bay. It feeds 

on the lower trophic levels and itself forms an important item in the 

diet of many larger animals. In addition to the trawl data, seine col¬ 

lections proved the anchovy abundant in the shallow water, and a 
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few near-larval examples were caught in surface plankton tows. Thus 

it is well distributed horizontally and vertically. 

INIOMI 

Synodontidae 

Synodus foetens (Linnaeus). Lizardfish. Thirteen specimens of this 

highly carnivorous fish were caught in eight of 32 trawl collections. 

It was not found close to shore and none was taken in the seine. 

The 13 examples ranged from 53 to 146 mm. in length; 10 of the 

fish caught were less than 95 mm. long. 

The presence of this species in the mud-bottomed areas is in agree¬ 

ment with the local distribution of the form at Cedar Key, Florida 

(Reid, 1954:19), where it was found to be more abundant over chan¬ 

nels and muddy areas than over sandy shallow flats. 

Four stomachs were examined. Of three which contained food, 

partially digested fish were contained in all (two fish in two of the 

stomachs and one in another). 

NEMATOGNATHI 

Ariidae 

Bagre marinus (Mitchill). Gafftopsail Catfish. Thirty-eight ex¬ 

amples of gafftopsail catfish were collected by all gear. Two were 

taken in one of 32 trawl collections, 29 were caught in three, of six 

trammel net sets, and seven were caught on hook and line. 

The two individuals taken in the trawl were 135 and 136 mm. long. 

The largest fish ranged from 268 to 400 mm. in length and were 

caught on hook and line and in the trammel net. 

Little information concerning breeding was obtained; two females, 

390 and 400 mm. in length, had recently shed their ova. Gunter 

(1945:37) calculated the breeding season to be in early May in Texas 

bays. I 

Stomach contents of three gafftopsails were examined. One indi¬ 

vidual, 390 mm. in length, had eaten one xanthid crab. Another 

fish, 135 mm. long, had ingested one Brevoortia patronus, one blue 

crab (Callinectes sapidus) and an unidentified crab, while the stomach 

of the third fish contained one B. patronus and an unidentified fish. 

Galeichthys felis (Linnaeus). Hardhead, Sea Cat. Over two hun¬ 

dred G. felis were caught by all gear. Twenty-seven of 32 trawl | 

hauls caught 175 catfish (.92 per cent of the total catch), eleven | 
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specimens were captured in six of 14 seine collections, 17 fish were 

taken in four of six trammel net sets, and approximately ten catfish 

were caught by hook-and-line. 

Figure 6 demonstrates a broad size range of from 80 to 330 mm. 

for this species. The smaller individuals were taken most frequently 

in the seine and trawl; the large catfish were caught on hook-and-line 

and in the trammel net. The affinity exhibited by catfishes for mud- 

bottom is illustrated by comparison of the catches from the three areas 

(Figure 3), the bottom of the south shore zone being essentially sand}^ 

or sand with shell, while the bottom of the east end is muddy. 

Breeding by G. felis was very much in evidence during the latter 

part of June and early July. Seventeen female fish, 182 to 265 mm. in 

length, containing ripe ova were captured. The number of mature 

eggs contained in the ovaries ranged from 13 to 25, with the left ovary 

t)q)ically containing from three to six more eggs than the right. The 

triangular appendages of the pelvic fins of breeding females (Lee, 

1937:51-52) were very conspicuous. The smallest fish possessing the 

appendages was 172 mm. in length. 

Twenty-nine male catfish carrying eggs in the mouth were caught 

and the eggs counted. The egg-carrying males ranged in size from 187 

to 287 mm. in length. There appeared to be no correlation between the 

size of the fish and the number of eggs carried. Stages of development 

of eggs and embryo were found from those eggs showing no embryonic 

development to those found in one male, 287 mm, in length, which 

held 28 embryos 28 mm. in length; the yolk attached to each indi¬ 

vidual was almost completely consumed. Generally, however, the de¬ 

velopment of the embryo was less advanced during the time of the 

investigation. Typically, the embryo size ranged from non-measurable 

to approximately 13 mm. in length. The eggs showing little or no 

embryonic activity were about 14 X 12 mm. in size. It was observed 

that the presence of eggs in the mouths of male fishes could be ac¬ 

curately predicted from the bloody appearance of the mouth parts of 

the fish; the cause was not ascertained. 

The time of the onset of breeding in East Bay corresponded closely 

with that determined by Lee for Grand Isle, Louisiana {op. cit.^ 50). 

The earliest record of an egg-carrying male in East Bay was June 

14, four days earlier than Lee’s earliest date (June 18, 1928). The 

East Bay record is 10 days later than Gunter’s (1947:217) June 4 

date for Copano and Aransas Bays.^ 

Breeding was still in evidence as the East Bay investigation was concluded, thus 

the extent of the season was not determined. Gunter (loc. cit.) reported that the 
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Of the stomachs of 14 individuals which were examined for food, 

three were empty. Six specimens, 82 to 91 mm. in length, had ingested 

shrimp and myriads of copepods; one unidentified fish was found in 

one stomach. Stomachs from five individuals, 144 to 191 mm. in 

length, contained pelecypod debris generally, although one fish had 

also taken one xanthid crab. 

APODES 

Echelidae 

Myrophis punctatus Liitken. Worm Eel. This species is included 

in the East Bay fauna on the basis of one specimen found in the 

stomach of a redfish, Sciaenops ocellata. The eel was approximately 

240 mm. in length. It is possible that the redfish had brought the eel 

in from outside the bay. However, Ginsburg (1951:464) states that 

smaller specimens are generally taken along the coast in muddy places. 

ACANTHOPTERYGII 

Syngnathidae 

Syngnathus louisianae Gunther. Pipefish. Two specimens of the 

pipefish were collected. One was caught in the trammel net and the 

other in the seine. 

The paucity of the pipefish population further attests to the vege- 

tational barrenness of the bottom of East Bay. It appears that these fish 

are attempting to inhabit the bay but are relegated to scattered growths 

of Spartina alterniflora. Reid (1954:24-27) has shown that syngna- 

thids are apt to be uncommon in areas of sparse vegetation. 

CYPRINODONTES 

Cyprinodontidae 

Fundulus grandis Baird and Girard. Gulf Killifish. One hundred 

and thirty examples of this species were collected in all of the quanti¬ 

tative seine collections. The catch of F, grandis made up 1.7 per cent 

of the total seine collection. 

All of the specimens were collected in shallow water near the 

marsh shore. The range of sizes was from 18 to 79 mm., with most 

of the fish being between 30 and 50 mm. in length. 

latest date on which he found eggs in early developmental stages was July 11. How¬ 

ever, at the Marine Laboratory on Aransas Bay, egg-carrying males were caught as 

late as July 31, with the egg yolk approximately less than one-quarter consumed. 
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Fundulus simitis (Baird and Girard). Sharp-nosed Killifish. F. 

similis was caught in only three of 14 seine collections. Twenty-four 

examples, six of which ranged from 44 to 61 mm. in length, were 

collected from near-shore zones of the bay. 

Cyprinodon varietatus variegatus Lacepede. Sheepshead Killifish. 

Two hundred and eighty-two specimens of this rather ubiquitous 

cyprinodont were taken in seven of 14 seine collections. Their numbers 

made up 3.8 per cent of all fishes caught in the seine. 

These fish, 13 to 53 mm. in length, were common in certain, rather 

restricted, areas of the bay. Indeed, on occasions the species seemed 

to inhabit not more than 150 feet of a long, and what appeared to be 

relatively homogeneous, shallow shore-zone. The seining technique 

was to go out from shore to depths of about four feet, stretch the seine 

parallel to shore and pull towards shore, and then repeat the process 

to cover the area adjacent to the previous haul. On two occasions this 

process revealed few C. variegatus as the operation progressed. Then 

one haul produced 200 examples of the fish. Further operations along 

shore caught few killifish. Repeated at another time and with a dif¬ 

ferent seine, the results were similar. 

Breeding was in progress during June and July, as was evidenced 

by the intense coloration of the males and the advanced stage of the 

development of gonads in the two sexes. No spawning behavior was 

observed, however. 

Poeciliidae 

Mollienesia latipinna LeSueur. Sailfin, Molly. This species is 

represented in the East Bay collection by one immature specimen 

taken with a push net from water on one of the islands formed from 

dredgings from the Intracoastal Waterway in the upper region of the 

bay. Although abundant in a marsh pool near Gilchrist, the form is 

apparently uncommon in the shore-zone of the bay. 

PERCOMORPHI 

Atherinidae 

Menidia beryllina peninsulae (Goode and Bean). Silversides. 

Twenty-nine silversides were caught in six of 14 seine collections. 

This species is doubtless more abundant than the catch indicates. The 

mesh size of the 100-foot seine was sufficiently large (three-quarter 

inch stretched measure) to permit escape of these slender forms. Al¬ 

though a twenty-foot bag seine (one-half inch stretched mesh) supple¬ 

mented the longer seine, few silversides were caught. 
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From all appearances the habitat is adequate and favorable, and it 

’s entirely possible that the low catch was a result of faulty collecting 

methods. Gunter (1950:40) stated that M. b. penimulae inhabits the 

bays and shallows and is often the dominant species in terms of num¬ 

bers in those areas. 

Membras martinica vagrans (Goode and Bean). Rough Silversides. 

A total of 69 examples of this species was collected in five seine col¬ 

lections. Twenty-six specimens ranged in size from 30 to 40 mm. 

This species was found in association with Menidia beryllina penin- 

sulae although usually outnumbered by the latter. However, 64 speci¬ 

mens were caught in a single seine collection on the south shore of the 

bay proper, apparently a pure population. 

The qualifications relating to the data on relative abundance of M. 

b. peninsulae apply to M. m. vagrans, although the actual population 

density of the latter is probably not as great as that of M. b. peninsulae. 

Mugilidae 

Mugil cephalus Linnaeus. Striped Mullet. One hundred and 

sixty-nine striped mullet were caught in all gear. Seventy-four ex¬ 

amples were caught in 15 of 32 trawl hauls, 61 were caught in nine of 

14 seine collections, and 34 were taken in two of six trammel net sets. 

Striped mullet constituted 9.16 per cent of the trammel net catch and 

less than one per cent each of the trawl and seine collections. 

Figure 6 shows the size range of 126 specimens. The smallest striped 

mullet caught was 52 mm. in length, and from that size the fish ranged 

upward to a length of 255 mm. It is likely that some of the small indi¬ 

viduals included here were M. curema, since the most reliable dis¬ 

tinguishing characteristic, a difference of one anal ray, is difficult to 

determine in small fishes in the field. However, the golden spot on 

the operculum and pigmentation of only the upper part of the iris of 

M. curema noted by Gunter (1945:52) proved valid and was used in 

the field identification to a considerable extent. 

This species was abundant in East Bay during June and early July. 

The smaller individuals were common in the cove at Gilchrist. 

There was no evidence of sexual development in the larger fish 

at this season. 

Stomach analysis revealed unrecognizable organic debris; the mud 

straining habit of the species is well known. 

It was noted that the adult mullet in this area were relatively 

heavily infested with nematodes during the period of study. The 
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worms were congregated retroperitoneally along either side of the 

vertebral column. 

Although not usually deemed a food fish in this area (in fact looked 

upon with utter distaste), the investigators found the fish quite 

palatable. 

Mugil curema (Cuvier and Valenciennes. White Mullet. The 

white mullet is represented in the East Bay collection by 246 ex¬ 

amples taken in 10 of 14 seine collections. This species made up 

slightly over three per cent of the total seine collection. 

All of the individuals caught ranged in size from 24 to 105 mm. in 

length and were abundant in the shallow regions of the bay. Figure 6 

shows the length frequency of 201 specimens. For the reason of identi¬ 

fication difficulties expressed above, it is probable that a small num¬ 

ber of those forms identified as M. curema were M. cephalus. 

Polynemidae 

Polydactylus octonemus (Girard). Eight-fingered Threadfin, The 

threadfin proved to be one of the more common fishes of the open 

waters of East Bay; 591 specimens were caught. Five hundred and 

eighty-seven individuals were caught in 31 of 32 trawl hauls and 

made up three per cent of the total trawl catch. Only four examples 

were taken in four of 14 seine collections. 

Figure 3 shows a fairly uniform distribution, based on trawl 

catch, over the bay proper, although the average catch per haul was 

slightly lower along the south shore. 

One hundred and thirteen specimens ranged in size from 54 to 111 

mm. (Figure 6), Only 11 of the fish were longer than 80 mm. The sizes 

of P. octonemus during June and early July, in East Bay, were some¬ 

what larger than those reported by Gunter (1945:54) for the Aransas 

Bay area. There he found the size range in June, 1941, to be from 23 

to 43 mm., total length, and in July, from 33 to 53 mm., total length. 

Twenty-two stomachs from examples 57 to 82 mm. in length were 

examined for food. Of the 19 stomachs which contained food, peneid 

shrimp were the most frequently ingested items, being found in 18 

of the stomachs. Typically, the stomachs contained from one to three 

small shrimp, although as many as 100 larval shrimp were found in 

one stomach. Insects of the family Corixidae had been eaten by six 

of the specimens which were examined. The presence of the insect is 

interesting since P. octonemus was the only species examined which 

had eaten it. All of the stomachs which contained the corixid were 

from fish caught near the mouths of two bayous which empty into the 
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bay. Therefore, either the insect enters the bay, or the fish feed in the 

fresher waters of the bayous. Three of the tlireadfins had taken 

copepods as food, and one stomach contained undetermined crus¬ 

tacean debris (probably shrimp). 

Parasitic nematodes occurred in 14 of 22 fish examined. The worms 

were in the coelomic mesenteries. 

\ 

Trichiuridae 

Trichiurus lepturus Linnaeus. Cutlassfish. Three cutlassfish were 

caught in East Bay in two trawl collections. One specimen, 273 mm. 

in total length, was caught near Hanna Reef in a salinity of 17.8 %c. 

Two fish were caught near the north shore at the extreme lower end of 

the bay (salinity: 17.6 %^). One of the specimens was 355 mm. in total 

length. 

Stromateidae 

Peprilus paru (Linnaeus). Harvest fish. Three specimens of this fish 

were caught in three of 32 trawl collections. Two of the individuals, 

near 22 mm. in length, were caught along the north shore of the bay 

in salinities of 17.6 and 17.3 %c. The third fish. 55 mm, in length, was 

caught near the mouth of Robinson Bayou (salinity: 10.3 %p), 

Carangidae 

Caranx hippos (Linnaeus). Common Jack. Two jack, approxi¬ 

mately 38 mm. in length, were taken in two seine collections in the 

cove near Gilchrist. The salinity in the area ranged between 13.0 and 

16.5 %c. 

Hemicaranx amblyrhynchus (Cuvier and Valenciennes). Three 

examples of this carangid were caught in East Bay. One small example 

was taken in a regular trawl collection along the south shore near 

Hanna Reef (salinity 24.3 %o)= Two fish, 45 and 52 mm. in length, 

were taken in an exploratory trawl haul along the north shore near 

the upper end of Hanna Reef (salinity 17.6 %(,). 

Chloroscombrus chrysurus (Linnaeus). Bumper. The bumper is 

represented in the collection by 10 specimens taken in four of 32 trawl 

collections. All of the specimens were caught in the southwest corner 

of the bay near Hanna Reef (salinity range: 18.0 to 24.3 %^). In this 

region the bottom is mostly sand and shell. 

Four of the specimens ranged in size from 38 to 46 mm. 
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Oligoplites saurus (Bloch and Schneider). Leather)acket. None of 

this species was caught in the trawl. Ten leather]acket of the size 

range 21 to 38 mm. were captured in six of 14 seine collections. All of 

the examples were taken in shallow water near the marsh shore. The 

salinity in the area ranged from 13.0 to 16.5 %c, during the time of 

collections. 

Lobotidae 

Lobotes surinamensis (Bloch). Tripletail. One tripletail was caught 

in a trammel net set. The specimen was 365 mm. in length and weighed 

approximately 2,040 gms. At the time of capture, along the north shore 

of the bay, the salinity was 16.0%^ and the water temperature was 

29.5° C. ' 

Haemulidae 

Orthopristis chrysopterus (Linnaeus). Pigfish. Seventeen examples 

of this grunt were taken during the investigation. Seven individuals, 

54 to 76 mm. in length, were caught in one trawl collection near the 

southwest corner of the bay, where the bottom is sandy shell. The 

salinity was 18.0 %c and the temperature was 31.5° C. Ten pigfish 

were caught in four of 14 seine collections along the shores of the bay 

proper. Eight of the ten individuals caught in the seine were taken in 

the cove at Gilchrist and ranged from approximately 40 to 51 mm. in 

length. The salinity in the cove was near 16.0 %c. Gunter (1945: 38) 

observed that all fish below 50 mm. in total length taken in his area 

were caught in water above 25.0 %c. Similarly, the present author 

noted that the average salinities during the months when O. chrysop¬ 

terus was most abundant in the Cedar Key, Florida, area was 25.1 %c 

(Reid, 1954:41). 

No stomach analyses were made on the East Bay pigfish. However, 

Reid {op. cit.^ 43) found the food of young pigfish to consist mainly 

of planktonic crustaceans, while larger pigfish ate shrimps, poly- 

chaetes, crabs, and mollusks. 

SPABIDAE 

Lagodon rhomboides (Linnaeus). Pinfish. One thousand and ninety- 

one pinfish were caught in East Bay. Of these, 238 individuals were 

caught in 14 of 32 trawl hauls and constituted 1.25 per cent of the total 

trawl catch. Eight hundred and fifty-three examples were taken in all 

of the quantitative seine collections and made up 11.5 per cent of the 

entire seine catch. 
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The size range of 155 fish was from 39 to 77 mm., although a few 

individuals up to 117 mm. in length were caught. On the basis of trawl 

data the fish were considerably more abundant in the upper end of the 

bay than elsewhere in the open water areas. Figure 3 demonstrates 

that over twice as many fish were caught in the trawl in the east end 

of the bay than in the other regions. There was an indication that the 

fish in the lower end of the bay were modally larger. 

It is interesting to note the difference in size range of the local popu¬ 

lation of L. rhomboides during June, as compared with a Florida popu¬ 

lation. As shown in Figure 6, most of the East Bay specimens ranged 

in size from 40 to 60 mm. Reid (1954:45) has shown the size range of 

the young of the Cedar Key, Florida, population to be mostly from 

about 32 to approximately 48 mm. in June. 

The relatively thin population of L. rhomboides in East Bay is doubt¬ 

less explained on the basis of sparse submerged aquatic plants. 

Archosargus oviceps Ginsburg, Gulf Sheepshead. One specimen 

of this species was caught in the seine in the mouth of ‘Tittle Pasture 

Bayou.” The example was 134 mm, in length. 

Leiognathidae 

Eiicinostomus sp. (Moharra). Twenty-two small examples of mo- 

harra were caught in four seine collections. Eighteen examples, 15 to 

20 mm. in length, were taken in one collection on the shore of a spoil- 

bank island in the upper end of the bay. The remainder, 20 to 26 mm. 

in length, was captured in the shore-zone of the cove at Gilchrist. The 

size of the specimens and the uncertain state of the taxonomy of this 

group preclude reliable identification. 

Sciaenidae 

Bairdiella chrysura (Lacepede). Silver Perch. Although usually 

common wherever it occurs, the East Bay population of this species 

was sparse during the period of investigation. Five silver perch were 

caught in the bay. One specimen, 150 mm. in length, was caught in 

the trawl in the lower part of the bay in a salinity of 17.0 %o. The 

remainder was taken in the seine and by hook-and-line fishing. 

Stellifer lanceolatus (Holbrook). Star Drum. Seven star drum were 

caught in East Bay. All were caught in four of 32 trawl hauls along the 

north shore of the bay. The salinity range in which the fish were 

caught was 15.3 to 17.3%^. The size range of five examples was 28 to 46 

mm. Five of nine examples of S. lanceolatus taken in the surf at Gil¬ 

christ ranged from 90 to 121 mm. in length. 
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Sciaenops ocellata (Linnaeus). Redfish. This species is represented 

in the investigation results by nine specimens. Three redfish, two of 

which were 169 and 202 mm. in length, were caught in three of 14 

seine collections. The 169 mm. specimen was caught from shallow 

water on one of the spoil bank islands in the upper part of the bay; 

the other fish were caught in the cove near Gilchrist. Seven redfish 

were caught in two of six trammel net collections. 

The smallest fish caught was taken in the seine and was 169 mm. 

in length. The largest specimen was caught in the trammel net and 

was 838 mm. in length. The remainder of the specimens ranged in 

size from 241 mm. (three examples: 241, 244, 245 mm. in length) to 

599 mm. (three specimens: 431, 508, 599 mm. in length). 

Four stomachs contained food. Peneid shrimp occurred in three 

stomachs; a worm eel, Myrophis punctatus^ was contained in one, a 

crab in one, and two undetermined fish in one. 

Leiostromus xanthurus Lacepede. Spot. An aggregate of 5,359 spot 

was captured in East Bay during June and early July. Of the total, 

4,750 individuals were caught in 28 of 32 trawl collections and repre¬ 

sented 25 per cent of all the fishes caught in the trawl. Six hundred 

and four spot were taken in all of the seine collections and constituted 

8.1 per cent of the total seine catch. Five specimens were collected in 

the trammel net. 

On the basis of trawd catch data this was the second most abundant 

form in the bay. It is, however, a bottom form and consequently more 

readily caught in the trawl. Young of the spot were especially abun¬ 

dant in the upper area of the bay in waters of lower salinity and where 

the bottom is thick, loose mud. Figure 3 shows the fish to be least abun¬ 

dant along the north shore. Further evidence of the numbers of the 

fish in the head of the bay is noted in the average number per trawl 

haul of 451.8. Indeed, on one occasion a ten minute tow caught 2,906 

specimens, and the data for this species in Figure 3 are somewhat dis¬ 

torted as a result. If this figure is adjusted, the average per haul for the 

upper bay becomes approximately 110. 

Figure 6 shows that the smallest fish caught was 30 mm. in length 

and the vast majority of them ranged between that size and 70 mm. 

The largest examples were caught in the trammel net and on hook- 

and-line; five specimens taken in the net ranged in size from 168 to 

197 mm. 

The question of how the bay supports such a relatively large popu¬ 

lation of fish is answered partly by a consideration of one of the basic 

needs, food. Analyses of stomachs of 30 fish indicated that the species 
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is non-discriminating and feeds on the lower trophic levels. Twenty- 

nine stomachs contained food and in most instances the guts were well 

filled. Specimens ranging in size from 45 to 69 mm. in length consumed 

great quantities of planktonic crustaceans and what is best described 

as organic debris—unidentifiable material which apparently must 

serve as an energy source. In one series of eleven stomachs the fish had 

rather efficiently strained the plankters, since the amount of organic 

debris was insignificant. Larger fish usually contained great masses of 

debris and a few macroscopic organisms. Although the larger fish 

readily took shrimp when offered as bait while hook-and-line fishing, 

they are apparently not adapted for catching the crustaceans in the 

natural state. 

Micropogon undulatus (Linnaeus). Croaker, A total catch of 11,363 

croaker was made by all gear. Of these, 9,820 examples were caught 

in 31 of 32 trawl hauls and constituted 51.5 per cent of the total fish 

taken in the trawl. Seine collections caught 1,365 croaker and these 

accounted for 18.4 per cent of the total fish caught in the seine. One 

hundred and forty-five adult croaker were captured in the trammel 

net. Thirty-three examples were caught in exploratory collections. 

Figure 5 demonstrates that the species was the most abundant fish in 

the trawl collections. The habits of M. undulatus are similar to those 

of L. xanthurus^ particularly in its affinity for the bottom. This ac¬ 

counts in part for the large numbers caught in the trawd. 

On the basis of the trawl collection data in Figure 3, M. undulatus 

was found most abundantly in the upper areas of the bay. The dis¬ 

crepancy between the catches of spot and croaker in Figure 3 and 

Figure 4 is explained on the basis of two somewhat atypical trawl 

collections. One haul, noted in the preceding section, was made within 

the area arbitrarily designated as the east end of the bay and caught 

2,906 spot which are included in both figures. Another haul was made 

which caught 2,336 croaker, and those numbers are included in Figure 

4 but not in Figure 3 since the fish were collected just slightly out of 

the area designated as the upper or east end. 

The size range of the abundant young of M. undulatus shows a simi¬ 

larity to that of L. xanthurus. Figure 6 demonstrates that the group of 

M. undulatus with greatest numbers ranged from 38 to 80 mm. in 

length. The figure also shows that croaker attain larger size and that 

the larger individuals are more numerous than adult spot in East Bay. 

The problem of support of the numbers of croaker is even more 

acute than in the case of the spot. The answer, as far as food is con¬ 

cerned, is much the same as for the spot. The smallest croaker fed on 
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organic debris although showing a higher incidence of planktonic crus¬ 

taceans, Larger croaker are apparently better adapted for obtaining 

larger food organisms than the spot. Of 113 stomachs examined, 19 

were empty. The food item which occurred with greatest frequency 

was the thin-shelled pelecypod, Macorna mitchelli. This small mollusk 

was common in the mud floor of the bay and was taken as food by 

croaker from 67 mm. to 190 mm. in length; it occurred in 45 per cent 

of all stomachs which contained food. These clams were found in 61 

per cent of the stomachs from croaker over 111 mm. in length. Six of 

the largest croaker (144 to 258 mm. in length) had taken fish for food 

(species represented: Brevoortia patronus^ Anchoa sp., and Anchoa 

rnitchilU diaphana), ¥i\e stomachs contained shrimp, and crabs were 

found in four stomachs. Table IV shows the per cent frequency of 

occurrence of food items taken by croaker. 

Table IV 

Food of Micropogon undulatus. The food items are expressed as percentage frequency 

of occurrence. 

49-258 mm. 
94 Stomachs 

Mollusks . 44.7 

Organic debris .. I 3.8 

Fishes... 6.4 

Shrimps.      64 

Crustacean debris . 6.4 

Crabs .   4.2 

Plankton .. 4.2 

Although there is competition among the small croaker and prac- 

ticall}^ all sizes of spot for the organic debris and plankters, the larger 

croaker feed higher in the food chain. The pelecypod diet of the larger 

croaker appeared to be almost exclusive with these fish since the pres¬ 

ent investigation revealed that the drum, Pogonias cromis, was the only 

other fish utilizing that food organism. Thus, except possibly for the 

drum, there would be little competition for food among the larger 

croaker and other species of fishes. 

In addition to food, a second basic ecological requirement for animal 

populations is cover or protection. It is not known to what extent this 

factor influences the size and distribution of the local populations of 

croaker and spot. As far as was ascertained, cover, to man’s eye at 

least, was non-existent. Apparently the population mass of the two 

species is maintained by sheer force of number. 

Food Item 
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Gunter (1945:73) has shown that croaker are not produced com¬ 

mercially in Texas waters. It is true that the fish do not attain sizes 

comparable to the Atlantic coast forms. However, there would seem 

to be an opportunity for the development of an interest in the croaker 

from the sports standpoint. This fish might conceivably become the 

marine counterpart of the freshwater bream or sunfish. It is abundant 

in the bays during vacation months when fishing is enjoyed most. 

Croakers ranging in size from 174 to 231 mm. in standard length 

(approximately nine to 15 inches, total length) weighed from 113 to 

278 gms. (approximately four to 9.5 ounces). The fish has good eating 

quality and, other than public apathy, there is little reason why it 

could not become a popular salt-water “pan fish.” 

Pofronias cromis (Linnaeus). Black Drum. Seventy-three drum were 

caught. Two individuals, 125 and 199 mm. in length, were taken in 

two of 32 trawl collections in salinities of 11.2 and 12.0 %<o. Seventy-one 

drum were caught near the marsh shore in three trammel net collec¬ 

tions. 

The size range of 33 specimens was from 180 to 332 mm. The small¬ 

est specimen weighed 141 grams while the largest weighed 782 grams. 

Six of seven stomachs which were examined contained food. The 

food consisted of masses of unidentifiable pelecypod shell debris. 

Cynoscion arenarius Ginsburg. Sand Trout. A total of 502 ex¬ 

amples of C. arenarius was caught in the bay. Of the total, 487 indi 

viduals were caught in 26 of 32 trawl collections and constituted 2.5 

per cent of the total trawl catch. Thirteen specimens were taken in 

three seine collections. Two were caught on hook-and-line. Figure 3 

indicates that the fish were more abundant in the upper regions of 

the bay than elsewhere. 

As shown in Figure 6, the smallest sand trout measured was 24 mm. 

in length. Nearly all of the fish caught ranged from that size to ap¬ 

proximately 120 mm. in length. The wide size range of young fish is 

interesting and probably indicates an extended breeding season. All of 

the fish measured were caught between June 10 and July 1. 

The piscivorous nature of the trout apparentl}^ develops very early. 

Fish remains were found in the stomachs of trout 34 mm. in length 

Only one specimen, 31 mm. in length, had consumed only copepods, 

and it is likely that the change from the strictly planktonic diet takes 

place at an even smaller size. Of 99 stomachs from trout ranging from 

27 to 117 mm. in length, 74 contained food. Fishes constituted the most 

conspicuous item taken as food by C. arenarius. Brevoortia pair onus ^ 
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Anchoa sp., sciaenids, and clupeids were the species taken most fre¬ 

quently. Of 40 trout which had eaten fish, B. patronus had been taken 

by 34. Shrimp were eaten but with less frequency than fishes. Table V 

shows the percentage frequency of occurrence of food items in the diet 

of the sand trout. 

Table V 

Food of Cynoscion arenarius. The food items are expressed as percentage frequency 

of occurrence. 

27-120 mm. 
Food Item 74 Stomachs 

Fishes .     83.8 

Shrimps.   17.6 

Crustacean debris. 2.7 

Crabs ..   1.3 

Organic debris.   1.3 

Copepods ..     1.3 

Molluscan debris.   1.3 

Cynoscion nebulosus (Cuvier and Valenciennes). Spotted Trout. Six 

spotted trout were caught in East Bay. One specimen, 32 mm. in 

length, was taken in a seine collection. Five examples, 267 to 570 mm. 

in length, were caught in three trammel net collections. The smallest 

fish taken in the trawl net weighed 340 grams and the largest fish 

weighed 2,490 grams. 

Three female fish, 365, 371, and 570 mm. in length, contained well- 

developed ovaries. Gunter (1945: 77) found female trout with ripened 

ovaries in April in Aransas Bay. 

Ephippidae 

Chaetodipterus faber (Broussonet). Spadefish. Four spadefish were 

caught in two of 32 trawl collections in East Bay. One specimen, 16 

mm. in length, was taken over sandy bottom in the northwest portion 

of the bay near Hanna Reef (salinity 17.6 %c). Three specimens, 29, 

36, and 105 mm. in length, were caught in one collection near the 

south end of Hanna Reef over sandy shell bottom; the salinity was 

18.0%^. 

HETEROSOMATA 

Bothidae 

Citharichthys spilopterus Gunther. Whiff. Seventy-one examples 

of this species were collected during the investigation. Of this total, 36 
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fish were caught in ten of 32 trawl collections and 35 were caught in 

six of 14 seine collections. Twenty-one whiff were caught in a single 

trawl haul in the lower end of the bay near Hanna Reef; the salinity 

was 17.8 %c. 

Sixteen specimens caught in the trawl in the lower bay ranged in 

size from 39 to 50 mm. Twenty-one fish taken by seining in the cove 

near Gilchrist range from 45 to 65 mm. in length, with 17 of the fish 

ranging from 58 to 65 mm, in length. 

Examination of stomach contents revealed that the fish were feeding 

primarily on copepods. 

Paralichthys lethostigma Jordan and Gilbert. Southern Large 

Flounder. This flounder is represented in the collection by 15 speci¬ 

mens. Eight examples were caught in seven of 32 trawl hauls, two fish 

were taken in one seine collection, and five flounder were caught in 

three sets with the trammel net. 

Six of the fish taken in the trawl ranged from 125 to 280 mm. in 

length, and four of those caught in the trammel net were from 159 to 

308 mm. in length. The smallest fish caught were two examples, 50 

and 71 mm. in length, taken in the seine. 

Seven stomachs from the fish were examined. Of four stomachs from 

flounder 159 to 265 mm, in length, fish were found in three and a 

shrimp in one. 

Achiridae 

Achirus lineatus (Linnaeus). Lined Sole. Two examples of this 

species were caught in two seine collections in the cove near Gilchrist. 

The specimens were approximately 20 mm. in length. 

Cynoglossidae 

Symphurus plagiusa (Linnaeus). Tonguefish. Two tonguefish were 

caught in East Bay. One specimen, 72 mm. in length, was taken in a 

seine collection near shore in the cove near Gilchrist. The other ex¬ 

ample was caught in the trawl in the upper portion of the bay, in a 

salinity of 9.7 Gunter (1945:88) found no tonguefish in salinities 

lower than 17.1 %c in Aransas Bay, 

PLECTOGNATHI 

Monacanthidae 

Monacanthus hispidus (Linnaeus). File fish. One small specimen of 

this species was caught in the trawl. The fish was caught in the lower 

end of the bay near Hanna Reef in a salinity of 24.3 %o. 
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Tetraodontidae 

Sphoeroides nephelus (Goode and Bean). Puffer, Swellfish. A total 

of 241 swellfish was caught in East Bay. One hundred and twenty- 

eight specimens were caught in 21 of 32 trawl collections. Eight seine 

collections accounted for 113 fish, or 1.5 per cent of the total fishes 

taken in the seine. On the basis of comparative trawl data in Figure 3, 

the fish were considerably more abundant along the north shore than 

in the other regions. 

The sizes of 71 individuals ranged from 15 to 36 mm. Eighty-three 

per cent of the fish were between 25 and 35 mm. in length. 

Swellfish were caught in salinities ranging from 9.7 to 18.0 

Gunter (1945:84) reported that the species was not often caught 

below a salinity of 15.0 in Aransas Bay. 

THE GULF BEACH 

The basic reason for the reconnaissance of East Bay was to ascertain 

the summer characteristics of the bay prior to the cutting of a channel 

from the bay to the Gulf. Since the channel would result in an oppor¬ 

tunity for intermingling of species from both areas, as well as hydro- 

graphic modifications of the two regions, it was deemed advisable at 

least to sample the Gulf beach at Gilchrist. 

The beach at Gilchrist is a nearly straight, gently sloping area of 

clean, dark-colored sand. Large amounts of shell and shell fragments 

litter the shallow and exposed zones. A depth of 18 feet is reached 

approximately one mile offshore. 

The salinity varied from 25.0 to 32.3 %c with a mean of 27.9 %o 

during the period of June and early July. The surface temperature 

ranged near 30° C. 

Twenty-five species of fishes and three decapod crustaceans are 

represented in the collection. The specimens were taken in the 100 

foot seine by wading out to a depth of approximately four feet and then 

pulling the seine straight in towards shore. Fourteen collections were 

made from June 23 to July 7. All of the specimens caught were counted 

and many measured. Escapement was probably much the same for 

all collections: thus quantitative comparisons are justified. 

The total fish catch amounted to 4,540 specimens. Of this number, 

eight species constituted 96,74 per cent. 

Adults of Brevoortia pair onus made up nearly 59 per cent of the 

total catch of fishes in the beach collection. The proportion of men¬ 

haden to other fishes is distorted by collections made at a time when a 
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large school of the fish was moving near shore. On June 23, five collec¬ 

tions with the seine caught nearly 2,200 individuals which ranged 

from 89 to 198 mm. in length. Forty-two of a series of 61 fish ranged 

from 119 to 138 mm. in length. Commercial menhaden boats were 

working within one-half mile of the beach catching the fish. Subse¬ 

quent beach collections averaged nearer to 12 per collection, which is 

doubtless the more normal proportion. Small specimens, so very 

abundant in the nearby bay, were not found in the beach zone. 

It is interesting to note in Figure 6 that the largest specimen of B. 

patronus caught in the bay was 114 mm. in length. The smallest indi¬ 

vidual measured in the Gulf was 89 mm. in length, although, of 83 

fish measured, only nine were of a size less than 114 mm. 

A total of 601 examples of Anchoa mitchilli diaphana was caught 

in the surf at Gilchrist. This constituted 13 per cent of the total col¬ 

lection. The beach specimens ranged from 28 to 57 mm. in length. 

Eight per cent of the specimens caught in the shallow beach zone 

consisted of Polydactylus octonemus. Three hundred and eighty-four 

examples ranging in size from 59 to 133 mm. were caught. The eury- 

haline nature of this species is indicated by its abundance both in the 

lower salinities in the bay and the higher salinities of the Gulf. 

The sea catfish, Galeichthys felis^ was taken in 13 of 14 beach col¬ 

lections. Two hundred and thirty-seven specimens constituted five 

per cent of the total catch. The sea catfish caught in the Gulf ranged 

from 88 to 140 mm. in length. 

Two hundred and ten bumper, Chloroscombrus chrysurus^ were 

taken in the beach collections. The fish ranged from approximately 

25 to 69 mm. in length, although most of the fish were from 28 to 

nearly 40 mm. in length. 

Young pompano, Trachinotus carolinus^ were common in the shal¬ 

low waters of the Gulf in June. A total of 163 fish was caught. The size 

range of 45 specimens was from 15 to 100 mm., although most of the 

specimens ranged from 20 to 40 mm. 

Caranx hippos was caught in nine of 14 collections, and the 86 

specimens made up almost two per cent of the total catch. The ex¬ 

amples were small, ranging near 30 mm. in size. 

Forty-seven examples of Mugil cephalus were caught in the beach 

zone. The average sizes of the Gulf specimens were from 100 to 150 

mm. Since M. curema also occurred in the beach habitat, it is possible 

that a small number of examples of the two species were confused. 

Seventeen species comprise the remainder of the Gulf list. Their 
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numbers constituted approximately three per cent of the total catch. 

The species and catch data are shown in Table VL 

Of the 25 species which were recorded for the Gulf, five were not 

found in the bay (Table VI). Cynoscion nothus (Holbrook) was not 

uncommon in the beach zone. The sargassum fish, Histrio gibba 

Table VI 

Species and catch data on Gulf Beach collection. 

Species Number Frequency Avg./haul % of catch 

Brevoortia patronus ........ 2664 13 222.00 58.67 

Anchoa m. diaphana ....... 601 13 50.10 13.23. 

Polydactylus octonemus ..... 384 14 32.00 8.45 
Galeichthys felis ........... 237 13 19.75 5.22 

Chloroscombrus chrysurus . . . 210 8 17.50 4.62 
Trachinotus carolinus* ..... 163 11 13.58 3.52 
Caranx hippos ............. 86 9 7.17 1.89 
Mugil cephalus ............ 47 9 3.92 1.03 
Signalosa petenensis ........ 45 1 3.75 .99 
Mugil curema ............. 37 6 3.10 .81 
Trichiurus lepturus ........ 21 7 1.75 .46 
Cvnoscion arenarius.. 11 3 .92 .24 

StelUfer lanceolatus ........ 9 2 .75 .19 
Cynoscion nothus* ......... 8- 2 .67 .17 
Bairdiella chrysura .. 5 3 .42 .11 
Chaetodipterus faber ........ 2 2 .17 .04 
Larimus fasciatus* ......... 2 2 .17 .04 

Sphoeroides nephelus ....... 1 1 .08 .02 
Harengula p. pensacolae .... 1 1 .08 .02 
Menticirrhus sp.*.. 1 1 .08 .02 
Histrio gibba* ............. 1 1 .08 .02 
Carcharhinus limbatus ...... 1 1 .08 .02 
Oligoplites saurus .......... 1 1 .08 .02 
Membras martinica vagrans. . 1 1 .08 .02 
Cynoscion nebulosus ........ 1 1 .08 .02 

Total ................. 4540 

Species which were not common to both East Bay and the Gulf. 

(Mitchill), was found by probing through the alga, Sargassum sp., 

which was obnoxiously abundant on the beach during June. One small 

whiting, Menticirrhus sp., 46 mm. in length, was caught in the surf. 

Two examples of Larimus fasciatus Holbrook were taken in the Gulf 

collections. 
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Although not caught in the seining operations, young bonnethead 

sharks, Sphyrna tiburo (Linnaeus) and hammerhead sharks, identi¬ 

fied in the field as Sphyrna zygaena (Linnaeus) were frequently 

caught by fishermen casting in the surf. 

Three crustacean species formed the conspicuous elements of the 

larger invertebrate fauna of the beach zone. Eighteen specimens of 

the sea bob, Xiphopeneus kr^yeri (Heller), were cauo-ht in the seine, 

although none of this species was caught in the bay. Callinectes sapidus 

Rathbun, the blue crab, occurred in the Gulf at Gilchrist although ap¬ 

parently in reduced numbers; two specimens were captured. It ap¬ 

pears that the blue crab is largely replaced on the Gulf beach by the 

speckled crab, Arenaeus cribrarius (Lamarck). The speckled crab was 

not collected in the bay where C. sapidus was found to be abundant. 

Seventy-seven examples of the speckled crab were caught in the 14 

beach collections as compared with the aforementioned two specimens 

of C. sapidus. The distribution of A. cribrarius is apparently associated 

with bottom type. The author has observed the abundance of the 

form on the Atlantic coast of Florida in the sandy beach-zones of the 

ocean. On the Gulf coast of Florida, north of Tampa in the area of 

extensive grassy flats and salt marshes, C. sapidus is the characteristic 

form. The salinities in the two areas are generall}^ comparable. 

SUMMARY 

1. East Bay is a somewhat occluded arm of Galveston Bay located 

on the Gulf coast of eastern Texas. 

2. A reconnaissance of the more conspicuous physical, chemical, 

and biological characteristics of East Bay was made from June 1, to 

July 9, 1954. 

3. The bay is a shallow body approximately twenty-three miles 

long and five miles wide at its lower end. The bottom is mostly mud 

and during summer was devoid of rooted vegetation. A salinity 

gradient of from near three parts per thousand in the upper end to 

approximately eighteen parts per thousand at the lower end was ob¬ 

served. Surface temperatures ranged near thirty degrees Centigrade 

The water of the bay was, in general, highly turbid. 

4. Faunal collections were made by means of an otter trawl, seines, 

a trammel net, and other gear. 

5. Sixteen groups of larger invertebrate animals are reported. 

Shrimps, ctenophores, and medusoid jellyfishes were abundant during 

the investigation. 
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6. A total of 26,851 fish specimens was caught in the bay. Of these, 

19,055 fishes were taken in the otter trawl, 7,425 in the seines, and 371 

by means of a trammel net. 

7. Fifty species of cartilaginous and bony fishes were recorded for 

East Bay. These species represent forty-six genera and thirty families. 

Anchovies (Anchoa mitchilli diaphana and A. hepsetus)^ spot (Lei- 

ostomus xanthurusJ, croaker (Micropogon undulatusand menhaden 

(Brevoortia patronus) were the most conspicuous fishes during the 

period of investigation. 

8. Within the bay, there were indications of distributional patterns 

wherein some species were found more abundantly in certain areas. 

The great numbers of young Micropogon undulatus, Leiostomus 

xanthurus, and Brevoortia patronus pointed to the role of the bay as 

a nursery ground. Predation on the young fishes was severe, especially 

on Brevoortia patronus. Food was apparently abundant; zooplankters, 

shrimp and a pelecypod, Macoma mitchelli, were taken by many 

species. Only a few species showed evidence of active breeding during 

the summer. 

9. Collections in the Gulf caught 4,540 specimens of fishes repre¬ 

senting 25 species. Five species taken in the Gulf were not caught in 

the bay. Of the species common to both areas, size differences and 

variations in relative abundance were observed. 
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Spectrophotometric Study of Zirconyl-l-Nitroso- 

2-Naphthol Complexes 

by RAY F. WILSON AND LOUBERTA E. WILSON 

Texas Southern University 

INTRODUCTION 

IN THIS study the method of continuous variation (Job, 1928; Vos- 

burg and Cooper, 1941) and the method of mole ratio (Ayres, 1953; 

Meyer and Ayres, 1955; Yoe and Harvey, 1948; Yoe and Jones, 

1944) have been applied, using spectrophotometric measurements, to 

the zirconyl-l-nitroso-2-napthol system in an attempt to determine 

the stoichiometry of the color-forming reaction. 

Jonassen and DeMonsabert (1952) have investigated the complexes 

formed between 2-nitroso-l-naphthol (the insomer of 1-nitroso-2-naph- 

thol) and zirconium (IV) in mixtures of water and alcohol and 

dioxane. It was found that in the presence of perchloric acid a 1 to 1 

complex was formed, whereas in solutions 3 molar or larger in per¬ 

chloric acid and 3 millimolar in zirconium (IV) a 1 to 4 zirconium to 

2-nitroso-l-naphthol complex was formed. These authors report that 

a 1 to 2 zirconium to 2-nitroso-l-naphthol complex is indicated when 

the perchloric acid concentration is properly adjusted. 

Zirconium is uniformly quadrivalent and exists in solution princi¬ 

pally as zirconyl ion, ZrO++ or other hydrated forms (Mellor, 1936). 

Zirconium salts in aqueous medium (Welcher, 1949) react with 1- 

nitroso-2-naphthol to form a greenish-yellow, amorphous precipitate 

of the composition C,oH60(NO) oZrO. While investigating the reaction 

in this laboratory, it was found that in alcohol medium a stable, 

orange solution is produced. 

It was the purpose of this investigation to study the stoichiometry 

of the reaction by several different methods, and to attempt to es¬ 

tablish the composition of the colored species. 

APPARATUS AND REAGENTS 

Absorbance measurements were made with a Beckman Model DU 
quartz spectrophotometer. All readings were taken using a 1-cm. 

fused silica absorption cell which contained a silica cell insert for 
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reducing the optical path to 0.1-cm. A temperature of 25 ±: 0.5° C. 

was maintained in the cell compartment by employing thermospacers 

supplied by the manufacturer of the spectrophotometer. 

A weighed amount of C. P. zirconyl chloride octahydrate, obtained 

from A. D. Mackay, Inc., was dissolved in distilled water and was 

diluted to give a 0.0468 molar solution. An equal molar solution of 

1- nitroso-2-naphthol was prepared after recrystallizing this reagent 

twice from alcohol. A weighed amount was dissolved in glacial acetic 

acid and was then diluted to make the final solution 60% in acetic acid. 

Analytical grade “Amberlite” IRA-400 anion exchange resin was 

used in the hydroxyl form. All other materials employed were C. P. 

reagent grade products. 

EXPERIMENTAL 

Spectrophotometric measurements showed that the orange color 

produced by the interaction of l-nitroso-2-naphthol with zirconium, 

in ethyl alcohol using high constant ionic strength, gave virtually 

constant absorbance readings after standing at room temperature 

(about 25° C.) for 2 hours when the molar concentration of this re¬ 

agent to zirconium was varied from 10 to 1 to 1 to 6. The concentra¬ 

tion of zirconium in these solutions w^as 5 millimolar. Spectrophoto¬ 

metric measurements indicated that 1 to 1 and 2 to 1 mole ratio pro¬ 

ducts of l-nitroso-2-naphthol to zirconium were formed in this re¬ 

action. The solutions were stable and gave no Tyndall effect for at 

least 24 hours. However, these solutions after standing in diffuse light 

for several weeks appeared to give some Tyndall effect. 

Spectral curves of Figure 1 (a plot of log absorbance against wave 

length) for the 2 to 1 and the 1 to 1 mole ratio solutions of 1-nitroso- 

2- naphthol to zirconium have nearly the same shape in the wave 

length region 450 to 650 millimicrons; however, for wave lengths 

shorter than 450 millimicrons the absorbance for the higher ratio 

complex is almost infinite, whereas the absorbance of the lower ratio 

complex is less than 2.0 between 450 and 470 millimicrons. Since the 

spectral curves for the two solutions are not completely superimpos- 

able at all wave lengths by translation along the log absorbance axis 

(Mellon, 1950), the solutions contain different absorbing substances. 

Continuous Variation Method. A series of solutions was prepared 

by adding reagents to 25 ml. volumetric flasks in the following order: 

(10 — x) ml. of 0.0468 molar zirconium solution, 10 ml. of ethyl 

alcohol, 1 ml. of 25% aqueous sodium chloride, and x ml. of 0.0468 

molar l-nitroso-2-naphthol. These solutions were diluted to volume 
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with distilled water and were allowed to stand at room temperature 

for 2 hours, the time required for full color development of all 

solutions. 

The absorbances of these solutions were measured at several se¬ 

lected wave lengths; the absorbance readings were corrected for un¬ 

reacted l-nitroso-2-naphthol (on the basis that a 2 to 1 l-nitroso-2- 

naphthol to zirconium complex was the final product) since the un¬ 

reacted reagent made a significant contribution to the total absorbance. 
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457 zirconyl-I-nitroso-2-naphthol complexes 

The data obtained for wave lengths 500, 510, and 520 millimicrons, 

plotted in Figure 2 show maxima at 0.5 mole fraction, or a 1 to 1 mole 

ratio, as the first step in the reaction. The curve for 500 millimicrons 

indicates a 2 to 1 ratio product (mole fraction of 0.67). 

Fig. 2. Reaction of Zirconium Solutions with I-Nitroso-2-Naphthol. X = the mole fraction 

of I-Nitroso-2-NaphthoL 
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Mole Ratio Method. For the study of the interaction of zirconium 

with 1-nitroso-2-naphthol by the mole ratio method, solutions were 

prepared by adding reagents to a series of 25 ml. volumetric flasks in 

the following order: 3 ml. of 0.0468 molar zirconium, 10 ml. of ethyl 

alcohol, 1 ml. of 25% aqueous sodium chloride, and varying amounts 

of 1-nitroso-2-naphthol solution, and the solutions diluted to volume 

and allowed to stand at room temperature for 2 hours. 

In Figure 3 the absorbance readings, after being corrected for excess 

PER MOLE OF ZIRCONIUM 
Fig. 3. 
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1 -nitroso-2-naphthol when the reagent to zirconium ratio was greater 

than 2 to 1, are plotted against the mole ratio of reagent to zirconium 

for the same wave lengths used for the continuous variation method. 

All the mole ratio curves show breaks that corresponds to 1 to 1 and 

2 to 1 interactions between 1 -nitroso-2-naphthol and zirconium. 

DISCUSSION 

The colored complexes formed by the interaction of l-nitroso-2- 

naphthol showed no significant tendency to migrate selectively to 

either the positive or the negative platinum electrode (as indicated by 

absorbance measurements of the solution around each electrode) dur¬ 

ing the passage of a 2.5 volt 0.5 milliampere direct current through 

solutions of the 1 to 1 and the 2 to 1 ratio products for 1 hour. This 

indicates that the colored species exhibit an appreciable amount of non¬ 

ionic character. Both complexes were strongly absorbed on IRA-400 

anion exchange resin which suggests that the complexes show some 

anion behavior. Similiar behavior of other salts or complexes of zir¬ 

conium has been observed (Kraus and Moore, 1951). Spectrophoto- 

metric results gave definite evidence of the existence of two different 

zirconium-l-nitroso-2-naphthol absorbing species in alcohol-water 

medium. As the mole ratio of 1-nitroso-2-naphthol to zirconium was 

varied from 10 to 1 to 1 to 6, absorbance measurements indicated that 

reaction products lower than 1 to 1 or higher than 2 to 1 mole ratio 

are not formed. 

SUMMARY 

Spectrophotometric methods have been used to investigate the zir¬ 

conium-l-nitroso-2-naphthol complexes formed in alcohol-water me¬ 

dium. Absorbance measurements of both the continuous variation 

method and the mole ratio method indicate that 1 to 1 and 2 to 1 inter¬ 

action products are produced in the reaction. 

ACKNOWLEDGMENT 

The work reported in this paper was made possible by a research 

grant from National Science Foundation. 

LITERATURE CITED 

Ayres, G. H., 1953—Reactions involving colored complexes of platinum metals. 

Anal. Chem. 25: 1622-1627. 

Job, P., 1928—Formation and stability of inorganic complexes in solution. Ann. 

Chem. 9: 113-203. 



460 THE TEXAS JOURNAL OF SCIENCE 

JoNAssEN, H. B., and DeMonsabert, W. R., 1952—Inorganic complex compounds 

containing polydentate groups. Jour. Amer. Chem. Soc. 74: 5298-5300. 

Kraus, K. A., and Moore, G. E., 1951—Anion exchange studies. Jour. Amer. Chem. 

Soc. 73: 9-13. 

Mellon, M. S., Ed., 1950—Analytical absorption spectroscopy, pp. 307-310, New 

York, John Wiley and Sons. 

Mellor, J. W., 1936—Comprehensive treatise on inorganic and theoretical chemi¬ 

stry. Vol. VII, p. 134, London, Longmans, Green and Company. 

Meyer, A. S., and Ayres, G. H., 1955—The interaction of platinum (II) and tin (II) 

chlorides. Jour. Amer. Chem. Soc. 77: 2671-2675. 

VosBURGH, W. C., and Cooper, G. R., 1941—The identification of complex ions in 

solution by spectrophotometric measurements. Jour. Amer. Chem. Soc. 63: 437- 

442. 

Welcher, F. J., 1949—Organic analytical reagents. Vol. Ill, p. 318, New York, 

D. Van Nostrand Co., Inc. 

Yoe, j. H., and Harvey. A. E., 1948—Colorimetric determination of iron with 4- 

hydroxybiphenyl-3-carboxylic acid. Jour. Amer. Chem. Soc. 70: 648-654. 

Yoe. j. H., and Jones, A. L., 1944—Colorimetric determination of iron with disodium 

l,2-dihydroxybenzene-3,5-disulfonate. Ind. Eng. Chem., Anal. Ed. 16: 111-115. 



Science in Texas 

Editorial Note. This section cannot be fully effective unless more 

individuals, institutions, and science organizations submit copy. At 

present the editors depend primarily on releases from news service 

offices at a few colleges and universities and from several research 

organizations and industrial firms operating in the Texas area. The 

editors are all academic people with full-time positions who give a 

part of their time to THE TEXAS JOURNAL OF SCIENCE. They 

cannot regularly send out requests for news items. If readers will 

send us copy, this section can give a better coverage of science in Texas. 

★ ★ ★ ★ 

The first Texas Work Conference for the Advancement of Science 

Teaching and Science Fairs was held at The University of Texas, 

October 6-8. More than 300 persons attended this work conference, 

which explored ways of attracting more students to the study of sci¬ 

ence. Teachers shared experiences in teaching methods, discussed 

pressing problems in science teaching, and learned how science fairs 

are conducted on the local, state, and national levels. Science fairs are 

exhibits of projects developed by students under supervision of their 

teachers. The conference delegates saw exhibits of science teaching 

materials available from various firms and participated in guided tours 

of laboratories. 

Speakers at the conference included Dr. Ralph T. Overman, Chair¬ 

man of the Special Training Division at the Oak Ridge Institute of 

Nuclear Studies; Dr. Keith C. Johnson, science coordinator in the 

District of Columbia schools; Dr. Robert Stollberg, President of the 

National Science Teachers Association; Dr. Kenneth Vordenberg, 

science supervisor in the Cincinnati, Ohio, secondary schools; and 

Miss Margaret E. Patterson, Secretary of the Science Clubs of America. 

Twelve informal sessions discussed the following topics: Conducting 

a Science Fair; Involving Educational Administrators, Instructional 

Supervisors, and College Professors in Science Fairs; Project Teach¬ 

ing; Science Club Activities; Extra-curricular Activities in Science; 

Preparing to Teach in Science; Enriching the Elementary Science 

Program; Enriching the Riology Program; Enriching the Chemistry 

Program; Enriching the General Science Program; Enriching the 

Mathematics Program; and Enriching the Physics Program. 

Sponsors of this work conference included The Texas Academy of 

Science, Oak Ridge Institute of Nuclear Studies, National Science 
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teachers Association, and various Texas industries, schools, colleges, 

and universities. 
★ ★ ★ ★ 

The Tenth Annual Technical Meeting of the South Texas Section 

of the American Institute of Chemical Engineers was held on October 

14 at the Hotel Galvez in Galveston. This meeting included technical 

sessions and a social program of wide interest to executives, chemical 

engineers, and students. 

A symposium on “Air and Stream Pollution” was presented con¬ 

currently with a general technical session. The symposium included 

discussions by experts from each of three types of organization: in¬ 

dustry, public enforcement agencies, and the large scientific founda¬ 

tions. Speakers were heard from du Pont, Harris County Health Unit, 

the Academy of Natural Sciences of Philadelphia, and Stanford Re¬ 

search Institute. 

A symposium on “Operations Research” was also presented. This 

new field, which grew from wartime application of mathematics to 

the solution of strategic problems, is currently receiving great em¬ 

phasis in industrial research. Operations research, with the newly 

available modern high speed computing devices, is used to solve 

quantitatively many complex problems which were formerly solved 

by instinct or guess. Included in this symposium was a talk on the 

popular subject of “Automation.” 

★ ★ ★ ★ 

Mr. Boyd Ladd has joined the staff of the Southwest Research Insti¬ 

tute in San Antonio. He will direct their operations research program 

and will also be editor of Southwest Resources Handbook. Ladd has 

been a private consultant and has also done research for the Operations 

Research Office of Johns Hopkins University. He served as economist 

for the Executive Office of the President of the United States from 

1949 to 1951. 
★ ★ ★ ★ 

Texas Instruments Incorporated of Dallas has completed its first 

full year as exclusive commercial producer of transistors made from 

silicon. Its line is now being expanded from five to seven types of 

n-p-n grown junction silicon transistors. These transistors have found 

wide application in airborne military and complex commercial elec¬ 

tronic equipment. 
★ ★ ★ ★ 

The Department of Anthropology at The University of Texas has 

announced the appointment of three new staff members for 1955-56: 
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Dr. John B. Cornell, University of Michigan (last teaching post at 

Wayne University); Dr. William Madsen, University of California 

(Berkeley); and Mr. S. C. Oliver, University of California (Los 

Angeles). Cornell and Madsen are assistant professors and Oliver is 

an instructor. 
★ ★ ★ ★ 

Texas industrialists and government officials may obtain atomic 

energy information from the Library of The University of Texas, 

which is the only official library depository in the state for publi¬ 

cations of the Atomic Energy Commission. Approximately 10,000 un¬ 

classified AEC documents are available. 
★ ★ ★ ★ 

Dr. Frank N. Edwards, Jr., of The University of Texas has re¬ 

ceived a University Research Institute grant to analyze starlight. He 

will study light from Procyon, a first-magnitude star in the Canis 

Minor constellation. 
★ ★ ★ ★ 

Dr. Dale F. Leipper of the A. & M. College of Texas has been ap¬ 

pointed to technical panels by the U. S. National Committee for the 

International Geophysical Year, 1957-58. Dr. Leipper has been named 

executive vice-chairman of the U. S. National Committee Technical 

Panel of Meteorology and a member of the Oceanography panel. He 

recently attended a meeting in Brussels, Belgium, where scientists 

from all over the world met and laid plans for the International Geo¬ 

physical Year, 

During the International Geophysical Year the scientists of 40 

nations will conduct the most comprehensive study of the earth ever 

undertaken. Investigations will cover meteorology, latitude and longi¬ 

tude determinations, geomagnetism, gravity measurements, iono¬ 

spheric physics, aurora and airglow, solar activity, cosmic rays, gla¬ 

ciology, oceanography, seismology, rocket exploration of the upper 

atmosphere, and earth satellites. 

The U. S. National Committee for the International Geophysical 

Year was set up by the National Academy of Sciences to plan, direct, 

and execute the program for the United States. Federal sponsorship 

and funds have been obtained through the National Science Founda¬ 

tion, the government agency responsible for federally supported basic 

research. To date Congress has appropriated $12 million for the 

program. 
★ ★ ★ ★ 

The Chemistry Department of The University of Texas has four 

new faculty members; Drs. Carl E. Wulfman, University of London; 



464 THE TEXAS JOURNAL OF SCIENCE 

George B. Kauffman, University of Florida; Richard Fuchs, Univer¬ 

sity of Alabama; and Jesse S. Binford, Jr., University of Utah. 
'Ar ★ ★ 

Mr. Harry L. Owens has joined Texas Instruments Incorporated of 

Dallas and will serve as Chief Engineer of the Semiconductor Prod¬ 

ucts Division. He has been associated with the Army Signal Corps 

for 13 years, his most recent position being Chief of the Solid State 

Devices at the Signal Corps Laboratories, Fort Monmouth, New 

Jersey. He is co-author of the book Transistors, Theory and Appli¬ 

cation. 
•k ^ 'k 'k 

Dr. Fred Brooksaler of Southwestern Medical School in Dallas has 

a Fulbright grant to lecture on medical science at the Medical Acad¬ 

emy, Diisseldorf, Germany. 
k k k k 

The University of Texas Plant Research Institute has issued a 

progress report on its research dealing with new grasses and legumes. 

This report, prepared by Drs. Walter V. Brown and W. Gordon 

Whaley, is entitled “The University of Texas and a Regional Prob¬ 

lem—The Rangelands.” 
k k k k 

Thirteen new students working toward advanced oceanography 

degrees have registered this year in the Department of Oceanography 

of the A. & M. College of Texas. All of them will study under some 

form of fellowship or assistantship aid, the majority of them on as- 

sistantships administered through the College and the Texas A. & M. 

Research Foundation. The students come from Norway, Puerto Rico, 

and eight states in the United States. 
k k k k 

Dr. W. S. Livingston of The University of Texas is a visiting lec¬ 

turer on political science at Yale University during the current semes¬ 

ter. He is conducting two graduate seminars, one on comparative 

federalism, the other on British government. 
k k k k 

One of North America’s least known areas, the southwestern Pacific 

coast of Michoacan, Mexico, is being studied by geographers from The 

University of Texas. Dr. Donald D. Brand and two graduate students, 

Pablo Guzman-Rivas and Alfonso Gonzalez-Perez, are spending a 

year of concentrated field work in this area. 
k k k k 

The University of Texas Press has announced the release of The 

Midland Discovery: A Report on the Pleistocene Human Remains 
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from Midland^ Texas, by Fred Wendorf, Alex D. Krieger, Claude C. 

Albritton, and T, D. Stewart. This volume was published in co-op¬ 

eration with the Museuin of New Mexico. 
★ ★ ★ ★ 

Mr. S. H. Simpson, Jr., has been appointed Assistant Vice-President 

of Southwest Research Institute in San Antonio. He will be respon¬ 

sible for coordinating the Institute's research program for industry, 

business, and the military services. Before joining the Southwest Re¬ 

search Institute in 1953, Simpson was Assistant Vice-President with 

RCA Communications, Inc. During World War II he directed com¬ 

munications activities of the U, S. Office of Strategic Services. 
★ ★ ★ ★ 

Dr. Jessie Helen Haag of The University of Texas has been invited 

to join the editorial staff of Excerpta Medica, an international ab¬ 

stracting service in The Netherlands. Dr. Haag will prepare ab¬ 

stracts for the section on public health, social medicine, and hygiene. 
★ ★ ★ ★ 

Dr. William R. Braisted of The University of Texas has been 

awarded a Fulbright grant for research in the political history of Japan. 
★ ★ ★ ★ 

The Shell Oil Company has 23 short films that are available for use 

in schools, colleges, and universities. These films are non-commercial 

and bear the company identification only on the title frame. Many 

are in color and all have sound tracks. All are 16 mm. and average 

about 20 minutes in length. 

Among the film titles are: Prospecting for Petroleum, Birth of an 

Oil Field, Refining Oil for Energy, The History of the Helicopter, 

How^ an Airplane Flies (a series of six films), Oil for Aladdin's Lamp, 

10,000 Feet Deep, Pipeline, The Fossil Story, Atomization, The Diesel 

Story, Pattern for Chemicals, Harnessing Liquids, and Crude Oil Dis¬ 

tillation. 

Inquiries from Texas and adjoining states may be addressed to: 

Shell Oil Company Film Library, P. O. Box 2099, Houston 1, Texas. 
★ ★ ★ ★ 

Dr. Jester J. Reed of The University of Texas presented a paper 

before the International Congress of Biochemists in August at Brussels, 

Belgium. This paper dealt with lipoic acid, which he isolated and 

identified. Lipoic acid is involved in body utilization of sugar. 
★ ★ ★ ★ 

Dr. Kenneth A. Kobe is a new representative on the Chemical Engi¬ 

neering Division Council of the American Society for Engineering 

Education. 
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American Potash and Chemical Corporation has announced the 

appointment of Mr. Clay Waggoner as chief chemist at the new plant 

of American Lithium Chemicals, Inc., at San Antonio, Texas. 

★ ★ ★ ★ 

Dr. M. E. Bitterman of The Universit}^ of Texas, an authority on 

learning theory, is spending a year at the Institute for Advanced Study 

at Princeton, New Jersey. Dr. Bitterman is writing a book on learning 

theory. During 195J-55 he was on leave teaching at the University of 

California. 
★ ★ ★ ★ 

Texas newspapers have recently devoted considerable attention to 

a new organization, The Grass Roots Educational League of Texas, 

which was chartered on December 1, 1954, and states its purpose as 

follows: “To broaden the base of potential of scientific man and woman 

power of our country, so that (1) we may maintain our scientific 

leadership; (2) we may continue to have tm ever-increasing supply 

of needs and comforts produced by technology; (3) we can meet the 

Communist challenge to our supremacy in the development of scien¬ 

tists, engineers and technicians which are necessary for scientific and 

technical ‘know-how.’ ” Dr. H. J. Ettlinger of The University of Texas 

is Executive Secretary of this organization. 

★ ★ ★ ★ 

During the summer of 1955 the Department of Geology of The 

University of Texas inaugurated graduate geology studies in El Salva¬ 

dor. Two graduate students, Charles L. Kerr and Ruthven H. Chap¬ 

man, mapped areas of active volcanoes in the Lake Guija section. Their 

work was supervised by Dr. Helmut Meyer-Abich of the National 

Geologic Service of El Salvador and by Dr. Fred M. Bullard of The 

University of Texas. 
★ ★ ★ ★ 

This past summer Dr. Fred M. Bullard of The University of Texas 

continued his preliminary survey of Central and South American vol¬ 

canoes for the Pan-American Institute of Geography and History. He 

worked in El Salvador, which has six known vents; and in Guatemala, 

which has four. In the summer of 1954 Dr. Bullard made similar 

studies in Costa Rica and Nicaragua. 

★ ★ ★ ★ 

Dr. Richard Fuchs of The University of Texas has received a grant 

of $1,900 from the Research Corporation of New York City for a proj¬ 

ect entitled “Electronic Effects in the Hydrogenation of p-Substituted 

Styrene Oxides.” 



Affairs of the Texas Academy of Science 

The 1955 annual meeting of The Texas Academy of Science was 

held on December 8-10 at Baylor University in Waco. Sectional meet¬ 

ings were held on Friday and Saturday morning, December 9 and 10. 

At a general session on Friday Dr. J. M. Hill (Wadley Research Insti¬ 

tute, Dallas) gave an address on “Cancer with Special Reference to 

Leukemia.” On Saturday morning at a general session Dr. John R. 

Mayor was the principal speaker. Dr. Mayor is Director, Student- 

Teacher Improvement Program, of the American Association for the 

Advancement of Science. 
★ ★ ★ ★ 

The year 1954 marked the twentieth anniversary of the Junior 

Division of The Texas Academy of Science. Although the Junior 

Division was first conceived by President H. B. Parks of The Texas 

Academy of Science and Dr. Clyde T. Reed of Kingsville in 1930, it 

did not become a reality until 1934. There were two main reasons for 

this: high school teachers were not members of the Academy and 

meetings of the Academy were held in November at the same time as 

the annual meeting of the Texas State Teachers Association. 

In 1930, at a meeting of The Texas Academy of Science in Waco, 

Miss Greta Oppe of the Ball High School, Galveston, was appointed 

to study the Junior Academy movement in other states and to cooper¬ 

ate with Dr. Reed in the development of the Texas Junior Academy of 

Science. Dr. Robert H. Cuyler of Austin was appointed to study inter¬ 

club activities and contests. Later a committee composed of Dr. Clyde 

T. Reed, Dr. J. C. Godbey of Georgetown, Miss Vesta Hicks of Austin, 

Miss Velma Wilson of Brownsville, and Dr. Frederick Burt, Secretary 

of The Texas Academy of Science, framed a constitution. The first 

Junior Academy Committee to work with high school clubs in Texas 

was composed of Dr. Clyde T. Reed, chairman; Miss Vesta Hicks, 

secretary; Miss Velma Wilson, Mr. C. M. Elwell of Austin, and Miss 

Greta Oppe. Miss Oppe has served continuously. The present com¬ 

mittee is composed of Miss Greta Oppe, chairman; Mr. Wayne Taylor 

of Austin, secretary; Mr. Joseph Strehle, Houston; Mrs. Edna Boon 

of Austin; Miss Fay Noble, Sherman; and the Secretary of The Texas 

Academy of Science. Mr. Wayne Taylor was the first Junior to be¬ 

come an officer in The Texas Academy of Science. 

The first six Junior Academy clubs to be chartered were: Lutz Club, 

Commerce; Natural Science Club, Austin; Brownsville High School; 
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Y.T.S. Club, Austin; Bryan High School; and Canyon High School. 

The Ball High Chapter at Galveston was affiliated in 1936 and has 

held its membership continuously for eighteen years. 

Dr, Reed left Texas and was succeeded by Miss Vesta Hicks of the 

Austin Public Schools, She served until 1937 and was succeeded by 

Dr. B. B. Harris, Dean of North Texas College, Denton. In 1938 Dr. 

Paul Witt succeeded Dr. Harris and served until 1939, when Mrs, 

Emily Barry Walker of East Texas State College, Commerce, became 

chairman. The present chairman succeeded Mrs. Walker and has 

served as chairman of the Junior Academy Committee since 1942. 

The first annual meeting of the Junior Academy was held in Col¬ 

lege Station in November, 1935. The gold pin Academy award given 

to the student presenting the best paper at the annual meeting was 

designed by the Georgetown chapter. The enamel pin of similar design 

used by clubs as local awards was designed by the Commerce chapter. 

When Dr. Otis Caldwell, Secretary of the American Association for 

the Advancement of Science, visited The Texas Academy of Science, 

he was so impressed by the spirit of the Texas Junior Academy that he 

instituted the A A AS Award, an Honorary Junior Membership, to be 

given to the outstanding boy and girl in each state having Junior 

Academies. 

The first publication of the Junior Academy was Science Club News, 

initiated by Miss Vesta Hicks. This became Tex-Sciana, the official 

publication of the Junior Division. 

The finances of the Junior Division come from two sources: animal 

affiliation dues of $2.00 from each affiliated club and from The Texas 

Academy of Science budget, approximately $50 to $75 annually. 

The Juniors participate in the programs of The Texas Academy of 

Science at both regional and annual meetings. 
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